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PART I 
Demonstration of Increased Gonadotrophic Hormone 
Production in Castrate Mice with Intrasplenic Ovarian Grafts 

Introduction 
The role of the pituitary in the control of ovarian function was first 
demonstrated by Crowe, Cushing and Homans (33) and Aschner (7); these inves¬ 
tigators devised techniques for hypophyseetomising dogs, and observed the 
inhibition of genital development subsequent to hypophysectomy of young 
animals* Smith (149) was the first person to correct, by replacement therapy 
with pituitary extract, the regressive changes and functional deficiencies 
that occur in the ovary of hypophysectornized rats* It had been shown earlier 
that pituitary glands of several species of animals (151) and ihe urine of 
pregnant women (183) contained a substance capable of producing precocious 
sexual maturity in immature animals by direct stimulation of the gonads* 
The gonadotrophic potency of the pituitary glands of rats (47, 49) 
and animals of other species (150) was increased after castration. Smith (150) 
has emphasised that the pituitary output of gonadotrophins and not the pitui¬ 
tary content is the important factor* Fluhman (56) and Zondek (183) found an 
increased gonadotrophic potency of the blood serum of castrate women; Fluhman^ 
data indicated that follicle-stimulating hormone was the principle factor in¬ 
volved, with very little luteinizing hormone present. The urine of postmeno¬ 
pausal women also contains an increased gonadotrophic potency (48), Saethre 
(134, 135) noted an inoreased urinary excretion of gonadotrophins in menopausal 
and postmenopausal women; it was primarily follicle-stimulating hormone. Lassen 
and Brandstrup (100) found at least 40 mouse units of gonadotrophic hormone per 
liter of urine in all of 10 spayed women and in 10 of 36 women castrated by 
x-irradiation* 
There is, therefore, good evidence for the existence of an increased out¬ 
put of gonadotrophic hormones by the pituitary after the menopause and after 
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castration, whether operative or induced by x-irradiation* Granulosa cell 
tuaors are more frequent after the menopause in women (146); they are very 
frequent after x-irradiation of mice (62), An increased urinary gonadotrophic 
potency has been noted in some cases of precocious puberty associated with 
granulosa cell tumor (46, 96, 125)* 
An increased gonadotrophic hormone output by the pituitary may be respons¬ 
ible for the production of granulosa cell tumors* The best evidence in support 
of this theory has come from experiments on castrate rats and mice with intra- 
splenic or intrapancreatic grafts* It has been demonstrated that the vaginas 
of these animals remain of castrate type despite the presence of an ovarian 
graft (15, 104); this has been attributed to the liver’s ability to inactivate 
estrogenic hormones (85, 158, 168, 184)* The inhibition of granulosa cell tumor 
formation in intrasplenic ovarian grafts by vascular adhesions, the presence of 
an intact ovary, or by estrogenic and androgenic hormones (105) is additional 
evidence of the tumorigenic role of gonadotrophic hormones* 
No direct demonstration of an increased gonadotrophic output in castrate 
animals with intrasplenic ovarian grafts has yet been attempted, in part because 
the indirect evidence for this has been so convincing. However, Jungck and 
Heller (92) bioassayed the pituitaries of castrate mice with intrasplenic ovarian 
grafts; they found only a slight increase in gonadotrophic potency, with an equal 
increase in the mice with adhesions between the graft and the body wall. Theirs 
was not a critical experiment, since the amount of gonadotrophic hormones re¬ 
leased by the pituitary may not be proportional to the pituitary content* 
The technique of parabiosis provides a method for study of circulating go¬ 
nadotrophins, The output of pituitary gonadotrophis is increased in castrate and 
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x-irradiated rats as determined by this technique (94, 103, 121), Part I of 
this thesis is a report of Hie use of parabiotic mice to demonstrate an in¬ 
creased gonadotrophic hormone output by the pituitaries of castrate mice with 
intrasplenic ovarian grafts. 
Materials and Methods 
Forty Strong A strain mice were castrated at one to two months of age and 
in each an ovary was transplanted into the spleen as an autologous or homologous 
graft# Bach mouse was placed in parabiosis with a female litter-mate; Hi is 
operation was performed at the same time as the graft in 22 mice and 30 to 50 
days later in 18 mice. The operation consisted of the removal of a large seg¬ 
ment of skin from alternate sides of each mouse extending from the base of the 
ear to the base of the tail. An incision was made through the abdominal muscu¬ 
lature and the four cut muscle edges were sutured with a continuous silk suture. 
Anchoring sutures were placed through the adjacent scapulae and pelvic muscles; 
the skin edges were approximated by a continuous silk suture# 
The parabiotic pairs were kept in small pans in groups of from one to three 
pairs; Purina fox chow and water were available at all times. Part of the mice 
grafted 30 to 50 days before parabiosis was carried out were killed or died from 
two to seven days after parabiosis* (group 3). The remainder (group 2), and 
also the mice receiving grafts at the same time parabiosis was carried out 
(group 1), died or were killed from 9 to 35 days after parabiosis# Twelve of 
the pairs pulled apart partially or completely; in four others there were vas¬ 
cular adhesions between the graft and body wall. Mice with either of these con¬ 
ditions were discarded. Another five pairs were not aufcopsied. I’he combined 
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body weight, ovarian and uterine weights of the remaining 19 pairs were 
determined at autopsy# 
Results 
Body weights of the mouse pairs in the three groups averaged 35,0, 38,2 
and 34#7 grams, respectively. The average ovarian weight in group 2 showed 
an increase of 43 per cent over the control group 3; group 1 showed a 4 per 
cent greater ovarian weight than the controls. The average uterine weight of 
the normal parabiont in group 2 was 23 per cent greater than the controls! 
the average uterine weight of mice in group 1 was lower than that of the controls. 
The average uterine weight of the castrated-grafted parabionts in group 2 was 
9 per cent less than for the controls and 11 per cent less than the average for 
group 1 (Table 1)* 
Discussion 
The 43 per cent increase in ovarian weight of the experimental group 2 as 
compared to control group 3 is indicative of an increased rate of secretion of 
gonadotrophins in castrate mice with intrasplenic ovarian grafts. This increase 
in weight occurred in an average time of 11 days. The ovarian weight of group 
1 (parabiosis and intrasplenic transplant performed at the same time) was only 
4 per cent greater than the weight of the controls! this is not a significant 
difference, indicating that there is no increased output of gonadotrophic hor¬ 
mones in the first two weeks after grafting an ovary into the spleen of a castrate 
mouse. This is probably not a result of tie inability of the liver to completely 
inactivate the ovarian estrogens during the first two weeks although it has been 
shown that cornified vaginal smears are maintained for at least two weeks after 
grafting an ovary into the spleen of a castrate rat or mouse (15), The only 
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slightly smaller average uterine weight of the castrated-grafted parabionts 
in group 2 as compared to group 1 may indicate -that even up to 50 days or 
more after grafting, there may not be complete inactivation* The length of 
time required for a significant increase in gonadotrophic hormones to occur 
after castration may be more important than failure of hepatic inactivation® 
During the first one or two weeks after castration of women, there is no in¬ 
crease in urinary gonadotrophin excretion (84). Fluhman (56) found that an 
increase in the mmber of operatively castrated women who were excreting greater 
than normal amounts of gonadotrophin in the urine occurred as late as three 
months after castration, Evans and Simpson (49) noted the slow rate at which 
pituitary content of gonadotrophin increases after castration. 
Summary and Conclusions 
1* The ovaries of normal mice placed in parabiosis with female litter- 
mates that had been castrated and an ovary grafted into the spleen 30 to 50 days 
previously, showed an absolute weight increase of 43 per cent in an average time 
of 11 days. Uterine weight increased 9 per cent in this time, 
2, An insignificant 4 per cent increase in ovarian weight and 3 per cent 
uterine weight gain occurred when the ovarian grafts were made at the same time 
as parabiosis, 
3, These results indicate that an increased gonadotrophic hormone output 
occurs in castrate mice with intrasplenic ovarian grafts, but only after a time 
lapse of at least two weeks. 
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Introduction 
A, Characteristics of some hormone-producing ovarian tumors, 
1, History 
Hormone-producing ovarian tumors have long been known to occur in women* 
The first definite report of a granulosa cell tumor was made by V. Kahlden in 
1895 (93) j however, the more general characteristics of this tumor, including 
its probable close relationship to some luteomas and theca cell tumors, were 
not known until 1932, vhen Loeffler and Priesol (110) reported six cases of 
theca cell tumor* As recently as 1939, a group of investigators (142) felt 
justified in extending the bounds of this generic category, granulosa cell 
tuner, to include a large group of ovarian carcinomas hitherto regarded as a 
variant form of cystadenocarcinoma* The discovery of methods of inducing the 
formation of hormone-producing ovarian tumors in rats and mice has made possible 
more critical studies of the histogenesis and pathogenesis of these tumors; 
however, these remain poorly understood* 
Feminising ovarian tumors or folliculomas have been called by many 
names, each revealing what -fee investigator saw and also his conception of "the 
histogenesis* Most of the early names reflected the idea that the ovarian 
follicle was the source of the tumor, which consequently contained follicles and 
ova. Some of these are givens follicular adenoma or adenoma of the graafian 
follicles, follicular adenocarcinoma, follicular carcinoma, folliculoma and 
malignant folliculoma* In 1914, von Werdt suggested an origin from the Walthard 
granulosa cell strands, and originated the name granulosa cell tumor. Terms 
that have appeared subsequently ares immature follicular oophoroma, cylindroma. 
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folliculoid and cylindromatous carcinoma, basal cell tumor of the ovary, 
Kahlden*s tumor, etc* 
The 1 uteinized fora of granulosa cell traor and the luteoma were des¬ 
cribed as early as 1899 and 1908, respectively (165)* Tr&ut, Kuder at al (165) 
were able to assemble a large number of case reports of both these forms* 
The classical description of the theca cell tumor is that of Loeffler 
and Priesel, who described six cases of what they called fibroma thecocellular© 
xanthomatodes ovarii* However, according to Selye (146) there T/rere several 
cases reported before this time, the earliest being that of Rokitansky in 1859* 
Many of the earlier reports were of tumors that, while predominantly of theca 
cell type, also contained some granulosa cells* These cell tumors, therefore, 
were regarded as closely related to the granulosa cell tumor* 
There has been a continued extension of this name, granulosa cell tumor, 
or folliculoma, to include luteomas, theca cell and mixed tumors, and finally, 
some of the papillary cystadenocarcinomas. As a consequence, the term, granulosa 
cell tumor, refers not only to a specific type of potentially estrogen-producing 
tumor but has become a generic name for the entire group, replacing the word 
"folliculoma" which served this purpose earlier* Burrows (19) suggested the 
term "theeloma" as the generic name for all estrogen-producing tumors, but it 
has not found wide acceptance. Nor has the term suggested by Novak, "feminiz¬ 
ing mesenchymoma", come into general usej this is fortunate, since a mesenchymal 
origin of these tumors is unlikely* 
The experimental induction of feminizing ovarian tumors was first ac¬ 
complished in 1936 by the x-irradiation of mice (6 2)* Hyperplastic changes in 
the ovary of an irradiated mouse, resulting in a growth similar in appearance 
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to human pseudomucinous cystadenomata, had been observed earlier (39)* Chemi¬ 
cal carcinogens increased the incidence of granulosa cell tumors in mice (101)* 
The most recent method of inducing the formation of ovarian tumors was des¬ 
cribed by Biskind and Biskind in 1944 (15); they found ovarian tumors in intra- 
splenic ovarian grafts in castrate rats. Granulosa cell tumors, luteoraas and 
tubular adenomas have been induced in mic® (104) and rabbits (128) by the 
Biskind procedure; tumors failed to occur in guinea pigs (308). These tuners in 
mice, and those induced in mic© by irradiation have been intensively studied, 
and successfully transplanted (28, 59), The pathogenesis of these tumors in 
rats has been studied (14); they have not been successfully transplanted. The 
granulosa cell tumors induced by chemical carcinogens have been very inadequately 
studied» 
2® Classification and morphology: 
The classification of hormone-producing ovarian tumors has usually had 
as its basis, the morphological characteristics of the tumors, Robert Meyer (120) 
was one of the first to give a general classification of granulosa ©ell tumors; 
it was based on the arrangement of the cells and to a lesser extent, on cell type. 
He spoke of (1) macro- and microfollicular, (2) diffuse, (3) cylindromatous, and 
(4) sarcomatous -types, Krompecher (98) thought Idle different types of granulosa 
cell tumors were different stages of differentiation of the single entity, granu¬ 
losa cell tumor. He recognized the (1) oophoroma, (2) solid or medullary car¬ 
cinoma, (5) gyriform carcinoma or adenocarcinoma, and (4) folliculoid carcinoma® 
The oophoroma, or follicular adenoma, was the most highly differentiated form; 
it contained follicles and even in some areas a well-formed theca exterm, but 
no theca interna® 
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Selye (146) has compiled the most complete morphological classification 
of granulosa cell tuners, or as he calls the entire group, "folliculomas" He 
distinguished eleven -types: 
(1) Folliculoid - the most common type, especially the microcystic form; the 
macrocystic variety, which is less common, may resemble struma ovarii. Micro¬ 
scopically, the folliculoid type tumor is characterized by the very dose 
resemblance of the tumor cells to normal follicle cells. Dense bands of connec¬ 
tive tissue subdivide the tumor mass, in which small cysts are formed, possibly 
by the same mechanism responsible for the physiological cyst or antrum folliculi. 
Enlargement of the fluid content of the cavity may progress until quite large 
cystic spans are present* 
(2) Diffuse type - the same cell type with diffuse growth and no tendency towards 
structural differentiation; it rarely occurs in pure form. 
(3) Tubular type - same basic cell type but arranged as epithelial cylinders or 
tubules; production of estrogenic hormones substantiates the claim that these 
are folliculomas, 
(4) Trabecular type - epithelial bands which may be regular or irregular in their 
organization; the description has -therefore varied with such terms as plexiform, 
moire-siIk-like or gyriform. 
(6) Papillomatous type - formerly included in the group of papillary serous cyst- 
adenocarcinomas© 
(6) Carcinomatous type - the typical granulosa cell carcinoma (nucleolus/nucleus 
ratio increases with degree of malignancy in granulosa cell carcinomas). The 
papillary type referred to above and many of the so-called primary solid or micro- 
cystic ovarian cancers may belong to this group* 
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(7) Theca cell type - spindle-shaped, lipid-containing cells resembling those 
of the normal follicular theca, comprise this timer type, which occurs in pure 
or nearly pure form. Thecomatous stromal changes are frequently found in asso¬ 
ciation with granulosa cell types of folliculoma. 
(8) Sarcomatoid type - usually occurs as sarcoma-like areas in the other types 
of folliculoma, but rarely in pure form. 
(9) Mixed folliculomas - each of the above types usually occurs in association 
with one or more of the other types* 
(10) Various types of folliculomas combine with other ovarian tuaors - dermoids 
and teratomas have been present in the contralateral or same ovary as a follicu- 
loma; folliculoma-arrheno-blastoma combined tumors have occurred, and are asso¬ 
ciated with virilization* 
(11) Folliculoma lipidique of Lecene - regarded as a granulosa cell type folli¬ 
culoma in which the epithelial cells contain many lipid granules\ they resemble 
luteomas except -that cells are usually smaller than the cells of a normal corpus 
luteum and their arrangement may be tubular or trabecular* Luteinization may 
proceed so far as to render distinction between this tunor and a luteoma nearly 
impossibles 
While such morphological classifications are extremely useful, the 
existence of one type of cellular organization or another may have no other real 
significance or be purely accidental (Klaften, quoted by Geist (71), p. 260). 
There have been frequent attempts to classify ovarian tumors including 
* if 
folliculomas on the basis of their histogenesis (71, 74, 76, 139)® 
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3* Histogenesis and pathogenesis* 
There are three major theories of the histogenesis of hormone-producing 
ovarian tumors* 
a* Origin from the germinal epithelium# 
b« Origin from embryonic rests® 
c* Origin from the ovarian mesenchyme* 
This discussion of histogenesis will not be limited solely to hormone-producing 
tumors, since the experimental work described in this thesis indicates that these 
feminizing tumors may be closely related to other tumors arising from the sur¬ 
face epitheliua of the ovary* 
a* Origin from the germinal epithelium* 
Waldeyer (172) claimed that the downgrowths from the germinal epi¬ 
thelium were the source of most ovarian tumors in women* Ooodall (76) demon¬ 
strated that all the epithelial structures of the ovary were derived from the 
germinal epithelium by a process of ingrowth which formed an epithelial tubular 
system extending from the surface epitheliua through the ovary and into the 
mesosalpinx to join the Wolffian duct* He thought that all epithelial ovarian 
tumors arose from such portions of this "germ epithelium" as would normally have 
atrophied but for some reason had failed to do so, He regarded the entire length 
of this tubular system that was contained within the ovary as ovulogenic* Fur¬ 
thermore, according to Goodall, all epithelial tissues of the ovary were formed 
from this germ epithelium, and as a corollary, all epithelial ovarian tumors 
were considered to derive from germ epithelium; but only such parts of the germ 
epithelium as would normally atrophy, but for some reason did not, were regarded 
as capable of tumor formation* Thus, no tumors could arise from the differentiated 
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follicle cells of the graafian follicle during its development or degenera¬ 
tion; however, cells in the single layer which surrounds a primordial ovum 
are so little differentiated toward granulosa cell, and are therefore still 
so closely allied to the germinal epithelium that they might be expected to give 
rise to tumors, Goodall expressed the opinion, though only Gottschalk (78) had 
conclusively demonstrated a tumor arising from follicle-cells of primordal 
follicles, and that "Even in the bitch, in which there is normally an invasion 
of the superficial layer of the ovary by small ducts, vfoich practically never 
contain normal ova, it is impossible to say under such circumstances whether 
a tumor, arising in this neighborhood, originated in one of these small down- 
growths or in a real primordial follicle, and so it is in the human ovary. Small 
cysts situated in the immediate neighborhood of the surface-epithelium may so 
mimic the epithelium of the primordial follicle that it would be quite impossible 
to state that it (the tumor) arose from the one or the other of these two sources" 
(76)* Other possible sources are the medullary cords, rete ovarii or other 
remnants of the germ epithelial tubules. Goodall’s theory thus placed the var¬ 
ious cell rests in the broader context of their epithelial origin, and of their 
being cells or structures which normally atrophy but for some reason fail to do 
so* He did not differentiate the tumorigenic capaoity of germinal epithelial 
ingrowths from the similar potentiality of undifferentiated cell rests* 
Li and Gardner (104) strongly supported the theory of origin from 
germinal epithelial ingrowths occurring in adult life; their observations make 
the embryonic rest theory very unlikely, at least for mice. These investigators 
were able to demonstrate, in serially sectioned ovaries, a close association 
between ingrowths from the germinal epithelium and granulosa or lutein cells in 
several granulosa cell tuaors that arose in ovaries grafted into the spleens of 
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castrate mice* They never saw embryonic cell rests in the ovaries of mice* 
Miller (quoted by Selye (146) suggested that the celomic basal 
cell, such as covers the surface of the ovary, might give rise to granulosa 
cell tumors j he based his idea on the observed similarity of granulosa cell 
tumors to basal cell tumors of the skin and mucous membranes* 
(1) Origin from differentiated granulosa cells of the ovarian follicles 
The superficial similarity of the ovarian follicle to cystic tumors led to many 
investigators' regarding the mature graafian follicle as the source of ovarian 
neoplasms* Schroeder (quoted by Selye (146) was on© of the first to apply this 
theory to granulosa cell tumors, and called them folliculom&s. Robinson (131) 
was one of several investigators who thought they saw ova in some of the folli¬ 
cular structures in these tumors, and therefore favored this theory* Liepmann 
(107) demonstrated the absence of ova in folliculomas but the concept of a 
follicular origin of the tumors has persisted (36)* Butterworth and co-workers 
(20, 62, 164) reported that x-irradiation of mice destroyed ova and large folli¬ 
cles but left the epithelitm of small follicles intact; the granulosa cell tumors 
that subsequently appeared in these mice, they attributed to proliferation of 
these persisting follicle cells* Geist, Gaines and Pollack (73) repeated this 
work and were unable to find any follicles remaining after seven months, though 
a few were still present at four months* There are other objections to the 
theory of the tumorigenic nature of the mature follicle* Pritsch (quoted by 
Robinson (131) and Goodall (76) have pointed out -that granulosa cells are inca¬ 
pable of proliferation, and that death of the ovum is invariably followed by 
degeneration of the granulosa cells* 
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b« Origin from embryonic rests* 
There are few tumors whose origin has not been attributed to embry¬ 
onic cell rests* Robert Meyer (120 a) was responsible for the application of 
this theory to granulosa cell tumors* He noted that the cells of a mature 
follicle lacked any proliferative activity, and began looking for a more undif¬ 
ferentiated cell that might, by proliferation, form a granulosa cell tumor. He 
found, in the ovarian hilar region of human fetuses and newborns, and in the 
ovary of one 45-year old woman, small masses of primordial follicle cells* he 
regarded these as unused cells which retained their ability to proliferate and 
to differentiate into granulosa cells* According to Goodall (76) the only con¬ 
clusive case of a granulosa cell tumor arising from the follicle cells of a 
primordial follicle was that of Gottschalk (78)* 
Geist (71) has clearly stated the embryonic rest theory: "Granulosa 
cell tumors arise from the primitive unused granulosa cells at any of the stages 
of their development. The primitive granulosa cell may originate from the sur¬ 
face epitheliun after it penetrates the mesenchyme, if the older theory of ovarian 
embryology is accepted, or at any stag© in the transition of mesenchyme into 
parenchyma, if Fischel's interpretation is correct." 
It can be seen that the embryonic rest theory is a special case of 
the more general theory proposed by Goodallj he maintained that tumors could ori¬ 
ginate just as readily from germinal epithelial ingrowths occurring in adult life 
as from persisting fragments of the embryonic proliferation of the germinal epi¬ 
thelium* Goodall's theories were not widely accepted. Two factors were apparently 
responsible: the first was the discovery of the extragonadal origin of primitive 
oogonia by Nagel, Fuss, and Felix (all quoted by Witschi (177). Because of this 
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discovery, Waldeyer (quoted by Witschi (177) retracted his earlier theory of 
ovogenesis from the germinal epithelium and its ingrowths. The second was 
Fischel*s theory of the mesenchymal origin of all the epithelial structures in 
the ovary (54)* It has been conclusively danonstreted that ovogenesis occurs 
from the germinal epithelium of the ovaries of the many species of animals, 
including man, during adulthood (1, 104)* There are also serious defects in 
Fischel1s hypothesis. 
c. Origin from ovarian mesenchyme: 
Beard (10) claimed that all the cellular elements of the ovary ex¬ 
cept the germ cells were formed from the underlying mesenchyme and that the 
celomic epithelium formed only the surface covering for the ovary. This theory 
was further developed by Fischel (54), who believed that the migration of oogonia 
into the gonad from the gut entoderm caused adjoining primitive mesenchymal 
cells to assume eprdielial properties and eventually to give rise to all the 
epithelial structures of the ovary, including the ovarian follicles. Inter¬ 
preting ovarian tumor igenesis in terms of this theory, Fischel concluded that 
granulosa and theca cell tumors arise from the ovarian mesenchyme* 
Gillsan (74) pointed out weaknesses in this theory. He agreed, 
with Fischel, that the migration of oogonia into the gonad primordiun occurred 
concomitant with or even slightly before the great proliferative activity of the 
cells at the periphery of the ovary. But whereas Fischel maintained that the 
surface epithelium did not take part in this accelerated mitotic activity, 
Gillman was able to demonstrate abundant mitotic figures in the heaped-up, rapidly 
proliferating germinal epithelium; he could also distinguish, in younger embryos 
than any Fischel studied, pregranulosa cells arising from the germinal epithelium; 
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in such early stages, these pregranulosa or undifferentiated cells were differ¬ 
ent from the cells of the mesenchymal core of the ovary; later the two cell 
types became similar# 
Bach theory of the histogenesis of ovarian tumors is based on a 
theory of the normal histogenesis of the cellular components of the ovary* 
Gillman, therefore, re-examined the embryological development of the ovary, 
using for this study the Carnegie and Forbes’ collections of human embryos and 
fetuses from 3 millimeters crown-rimp length to full term; many of these were 
serially sectioned* He concluded that granulosa cells originate in sex cords 
that arise from the celomic epithelium overlying the gonadal ridge, whereas 
theca cells are formed from the underlying mesenchyme under the influence of 
granulosa cells that are at a certain stage of their follicular development* 
The separate origins of granulosa and theca cells are maintained in ovarian tu¬ 
mors, Gillman believes* He says (p. 112); ”Theca cells normally appear only 
when the follicle is maturing, and in atresia may become rather numerous. Theo¬ 
retically, a tumor may begin as a hyperplasia of granulosa cell® cyt©logically 
like those in the growing follicle. At this stage theca cells may be stimulated 
to differentiate from adjacent stroma, and for a time, at least, the tumor may 
contain both elements* The granulosa cells, as in the atretic follicle, may 
then degenerate and at the same time extensive thecal hyperplasia may take place, 
the theca cell thus becoming predominant* Later, all granulosa cells may dis¬ 
appear, with only theca cells and the parent stroma cells surviving. In these 
circumstances there may also be a great increase in fibrous tissue, intermingled 
with patches of theca cells# Fibrous tissue may ultimately replace all cellular 
elements n 
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The problem of accounting for the presence of two apparently dis¬ 
tinctive cell types had occurred repeatedly in studies on neoplasia* Only for 
teratomas and dermoid cysts have generally satisfactory theories been derived* 
Kermaumer (see 71) faced toe problem of explaining toe presence of endometrial- 
type tissue in some ovarian cysts, and the great variability in the amounts of 
epithelial and connective tissue, Geist (71) tried to account for the great quan¬ 
titative variation in connective tissue in ovarian ©ystadenom&s. He thought such 
variations in the relative amount of connective tissue indicated that it was not 
merely a passive accompaniment of epithelial growto but that there was actual 
proliferation, perhaps under the influence of some unknown stimulus emanating 
from epithelial activity. Geist thought the epithelial portion of eyetadenemas 
originated from toe surface epithelium, but that the connective tissue was 
probably derived from the ovarian stroma* Melnick and Kanter (119) suggested 
that, since granulosa cells normally induce the formation of theca cells from 
undifferentiated ovarian mesenchyme, it was likely that granulosa cells in a tu¬ 
mor also had this potentiality, and that the production of estrogenic hormone 
by a granulosa coll tumor was a function of such theca cells* 
Carcino-sarcomas, tumors in which both the epithelial and connective 
tissue portions look malignant, present a similar problem. Virchow (see 173) 
considered these tumors to be either primary carcinomas or sarcomas in which 
the stromal or epithelial elements respectively were stimulated t© malignant 
growth. Contemporary workers have stressed toe possibility that such tumors 
may be carcinomas in which vagaries of growth, perhaps a metaplasia induced ly 
chronic inflammation or x-ray, have caused same of toe cells to assume a sarcoma¬ 
tous appearance (173)* 
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4® Associated hormonal effects; 
a* Estrogens * 
Almost every report on granulosa cell tumors has contained clinical 
or experimental data on the production ©f estrogenic hormone* The earlier re¬ 
ports were only clinical, with notes on precocious sexual development in young 
girls, amenorrhea in women of the childbearing age, and in postmenopausal women 
the reappearance of menstrual bleeding, associated with hyperplastic uteri and 
development of the mammary glands in the presence of a granulosa cell tumor® 
Schuschania (140) was the first to find an increased winery and fecal 
excretion of estrogens in women with granulosa cell tumor* Palmer (126) reviewed 
the studies that had been done up to 1939 on estrogen concentration® in the urine 
and in granulosa or theca cell tuners* The urinary excretion of estrogenic hor¬ 
mones varied from to 17,390 mouse units per liter in reported cases* The con¬ 
tent of estrogenic hormone in the tumors varied from 47 to 20,000 international 
units per kilogram of fresh tissue; the two reports of the estrogen content of 
the desiccated tumor revealed values of 36,000 mouse units and 117,000 inter¬ 
national units per kilogram of each® 
b® Progesterone: 
There have been few reported instances of progesterone effects on the 
uterus or increased pregnanedio! excretion in the wine found in association with 
a granulosa cell tumor* Single cases of granulosa cell tumors associated with a 
decidual type of endometrium have been reported (6; see also, 41)* Hodgson et al 
(86) reported three patients with secretory changes in the endometrium associated 
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wi-tfe lufceinization of the granulosa cell tumor* 
c* Androgenic homonest 
The production of androgenic hormones is unusual in granulosa cell 
tumors* Geist and Gaines (72) found it in a patient -with a luteinized -Uieca cell 
turner* Bali and Furth (8) have described the production of androgens as being 
characteristic of luteomas in mice* 
d* Gonadotrophic hormones? 
Increased urinary excretion of gonadotrophins has been found in several 
eases of precocious puberty associated with granulosa cell tumors (46, 96, 125)* 
In every case the Ascheim-Zondek test became negative after removal of the tumor* 
High urinary excretion of prolan and estrogenic hormone in a 78-year old post¬ 
menopausal woman and a similar case of increased urinary gonadotrophin excretion 
associated with signs of estrogenic hormone action in a postmenopausal woman 
have been reported (41, 153)* In both of these two cases, both hormone excretion 
levels fell nearly to zero after ran ©ml of the tumor* The sorirc© of the gonado¬ 
trophic hormones in these patients is not knownj tiie tunor itself may be producing 
a gonadotrophic hormone, or it may be stimulating the pituitary to produce in¬ 
creased amounts. Schiller (138) has stated that a granulosa cell tumor, arrheno- 
blastoma and dysgerminoma may all occur in the same ovarian tumor in women; 
Sailer reported eight cases of granulosa cell tumor associated with dysgeminoma 
(136)* The presence of a dysgerminoma is often associated with -the urinary ex¬ 
cretion of moderate or excessive amounts of gonadotrophins (81)« The chorion- 
epithelioma, which is closely related to the dysgerminoma (160), produces large 
amounts of gonadotrophic hormones* It appears likely, therefore, that the tuaor 
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cells themselves in some granulosa cell tumors and dysgerainomas may produce 
gonadotrophins• 
5* Secondary tumorst 
Carcinomas of the uterus have been reported frequently in association with 
estrogen-producing ovarian tusers in women (37, 52, 80, 155, 179)j uterine fibre- 
myomas have occurred with a lesser frequency (118, 124). Carcinoma of the breast 
has been seen in a few cases of feminizing ovarian tumors (86)® Since all of 
•these tumors can be induced in e^erimental animals by chronic estrogen adminis¬ 
tration (67 a), it has been concluded that these tumors, occurring in women, have 
the same etiology, i®e® excessive estrogen production ty the tumor* 
Two cases of aleukemic leukemia have been seen in association with theca cell 
tuaors (83, 155)* Estrogenic hormones produced by the tumor may be the etiologic 
agent, analogous to the leukemogenic action of estrogens in mice (60, 69)« 
B® The role of thyroid function and food intake in pituitary-ovarian interrela¬ 
tionships t 
1• Thyroid function: 
Thyroidectomy resulted in a diminution in pituitary gonadotrophic po¬ 
tency in rate (30, 50)} Van Horn found no decrease (170)® Desiccated thyroid 
powder increased the gonad stimuli ting potency of the pituitary glands of rats 
(170) though not above the increase resulting from castration (1TO)« 
The pituitary glands of thyroidectamized rabbits did not induce ovulation 
in estrous rabbits} control pituitary glands did (25)* This was interpreted to 
indicate a great diminution in the pituitary content of luteinizing hormone (LE), 
and the condition was corrected by replacement therapy with desiccated thyroid 
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powder* Chu and You (26) found that both estrone and desiccated thyroid powder 
oan cause a decrease in the number of ovarian follicles; when given together, 
each could be given in subthreshold amounts and the diminution in the number 
of follicles still occurred* Estrone did not exert its effect in thyroideeternised 
rabbits; Chu and You concluded that estrogens acted to increase thyroid function, 
which in turn resulted in a decrease in FSH and an increase in LH output from 
the pituitary gland* 
The ovaries of the thyroidectomized rabbits contain many large follicles 
(25, 99) but very few primary follicles (99)* The administration of 60 to 140 
milligrams of desiccated thyroid daily to thyroidectomized rabbits resulted in a 
large increase in the number of follicles and in the number of fertilized ova (99)* 
Moderate amounts of thyroprotein resulted in increased egg production in fowl 
(167)* These data favor the concept that moderate amounts of thyroid hormone 
result in increased LH output from the pituitary, while thyroid set any results in 
» diminished synthesis of LH by the pituitary* There my be a reciprocal decrease 
and increase respectively, in FSH production in hyper- and hypothyroidism. Hyper¬ 
thyroidism may diminish the ovarian weight response to gonadotrophins in rats (57), 
even when hypophyseeternized (16S)* Thyroidectomy may enhance the ovarian weight 
response to gonadotrophins in the rat (91, 102)* Meites and Chandr&shaker (118) 
have shown a species difference; while hyper- and hypothyroid rats responded as 
described. Mice responded in just the opposite manner, i*e. the seminal vesicle 
weight response was increased by moderate hyperthyroidism and decreased by thio- 
uracil-induced hypothyroidism* Confirmatory evidence was obtained by Vazquez-Lopez 
(171); he gave C3H mice 0*1 per cent thiourea in their drinking water for six 
months; they remained anestrus for the entire six months and had a lower incidence 
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of mammary carcinomas* Masson (116) found that the administration of small 
amounts of thyroxine enhanced the weight response of the seminal vesicles 
and kidneys of male mice to testosterone propionate® 
2® Food intaket 
Caloric restriction of sufficient degree resulted in retardation or 
suppression of the sexial development of immature mammalian females, and 
repression of tie established sexual functions of the adults (109, 127)* The 
ovaries of rats made anestrous by caloric restriction responded to "die admin¬ 
istration of gonadotrophins, and astro us occurred (38). Restriction to 50 
per cent of die ad libitum food intake resulted in fail we of mammary gland 
growth in virgin female mice, and mammary gland atrophy in breeding females 
(176)# restriction to 67 per cent of the ad libitum, food intake was sufficient 
to prevent completely the appearance of mammary gland tumors in the CgH strain 
of mice, which normally had an incidence of mammary gland tumors of over 70 
per cent (88)® 
Tannenbaum (159) found that caloric restriction resulted in a de¬ 
creased incidence of tuners induced by chemical carcinogens* Since there is 
no way at present to account for this, it will be spoken of as die non-specific 
inhibitory effect of inanition. The above-mentioned inhibition of mammary tu¬ 
mor ig one* is is the result of a specific effect, i.e® a great diminution in the 
production of gonadotrophins (38 ), with resultant cessation of estrogen forma¬ 
tion of the ovary (176), If, as appears likely, a gonadotrophin is the agent 
responsible for die induction of ovarian tumors, then caloric restriction should 
prevent the appearance of ovarian tumors* The present experiment was designed 
to test this hypothesis* 
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Materials and Methods 
One hundred nine F^ hybrid mice (C57 female x GBA male and the recipro¬ 
cal cross) were castrated and all or a portion of an ovary was auto- or 
homo transplanted into their spleens at 36 to 71 days of age. Both procedures 
were performed using sodiua amytal and ether anesthesia through a single 
midline abdominal incision in all but about 10 females who were castrated 
through a dorsal incision. Testes were removed and all associated structures 
left in situ. Closure was made with silk. 
The mice were immediately started on the experimental diets. Twenty-four 
dietary controls were fed fox chow with meal meal (Purina) • Twenty-four 
mice were rendered hyperthyroid by adding 0.2 per cent desiccated thyroid 
(Armour) to this diet and 24 more were made hypothyroid by the addition of 
0.2 per cent thiouracil. Inanition was induced in 37 mice by caloric re¬ 
striction to 66 per cent of normal. Sixteen of these mice were fed ad libitun 
after 4-g- to 7^ months on the restricted diet. Food was supplied in covered 
glass jars with a hole in the lid just large enough to admit a mouse. All 
groups were kept in an air-conditioned room at 72-74° F., and they were 
weighed abort every two weeks except for one two- and one four-month interval. 
The approximate size of the intrasplenic graft was followed by palpation; only 
lerge variations in size could be detected in this way. Vaginal smears were 
taken only from the second to the third and from the tenth to the eleventh months 
after beginning the experiment. Mice were killed with illuminating gas when 
moribund or at the experimenter^ convenience after 450 days. The graft, metas- 
tases when present, liver, adrenal glands, kidneys, thyroid glands, and genital 
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organs were weighed or measured, fixed in Bouins, embedded in paraffin, 
sectioned at 6 microns and stained with hematoxylin and trioein. 
Results 
A, Body weight* 
The thyroid-fed mice had the greatest starting weight and maintained 
this advantage for six months. The average starting weight ©f the thyroid- 
fed mice was 24.5 grams3 the controls weighed 23.4 grains; thiouracil-fed mice, 
22 grams; and the inanition group, started four months later, weighed 19 grams* 
At from six to 17 months after transplantation, body weights of hyperthyroid 
and control mice were not significantly different, both ranging from 2S to 
33 grams; after 17 months the hyperthyroid mice again averaged slightly 
heavier (Chart 1)* 
Thiouracil-fed mice maintained a nearly constant weight of 26 grams; they 
weighed consistently less than the hyper thy roi d or control mice. Partially 
starved mice weighed least of all; their average weight varied from 18 tc 22 
grams except 13 months after transplantation when they were fed ad libitum for 
two weeks because of poor general health and high mortality. Two weeks after 
re-instituting the inanition diet, average weight had dropped from a 25,8 gram 
peak to below 20 grams. 
In the group fed ad libitum after 4% to 7^- months inanition, there occurred 
a very rapid weight gain, amounting to a 38 per cent increase over the initial 
weight within three days, A slower rate of growth followed the initial spurt, 
and in five months the average weight of 29,5 grams for mice in this group was 
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CHART I 
Average Body Weights of Mice with Intrasplenic 
Ovarian Grafts. 
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equal to that of the controls* Some of these refed mice remained alive for 
a much longer period of time than the mice in any other group* Their average 
weight at autopsy, 29 grams, exceeded that of the controls, 27 grams; hyper¬ 
thyroid, 26*5 grams; hypothyroid, 25 gramsj and the partially starved mice 
at 18 grams* 
B* Vaginal smears? 
1* Controls Gornified smears were present in 6 of 18 mice from two to 
three months after transplantation. Only three of these showed cornified smears 
from nine to ten months , One of these had a granulosa cell tumor at autopsy; 
the ether two ©scaped from their box. Of 11 mice failing to shem cornified 
smears at either of these intervals, seven had ovarian tumors at autopsy. 
2, Thyroid-fed* Four mice presented vaginal cornification and cycling 
from 10 to 11 months. All four had vascular adhesions from graft to body wall. 
None had an ovarian tumor at autopsy, 
3, Thiouracil-fed* Five of 16 mice showed cornified smears from 9^ to 
10 months. Two of these later had granulosa cell tumors and two more had hepa¬ 
tomas. None had adhesions, 
4, Inanition and inanition-refeeding* No smears were taken* 
Vaginal smears were not taken at autopsy, but estrogenic effects on the 
uterus were observed in 24 mice. This will be described more fully in a later 
section* 
C* Intrasplenic ovarian grafts* 
1, Tumors. 
a* General morphology* 
Ovarian tumors occurred in 15 of 21 mice fed the control diet; three 
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of 20 hyperthyroid mice; 10 of 21 hypothyroid; four of 11 mio© with caloric 
restriction; and 12 of 16 mice fed ad libitum after inanition (Table 2)# The 
age of each mouse at the time of transplantation and death, and the presence 
or absence of an ovarian tumor are shown in Charts 2 to 6, Median ages at 
the time of transplant ranged from 58 to 49 days* No relation between the in¬ 
cidence of ovarian tumors and the age of the host or graft at time of trans¬ 
plantation was demonstrable; however, the narrow age range and small nunber of 
mice render this observation insignificant* 
Mice died or were killed 10 to 29 months after the experiment was 
begun* A significant relationship exists between tumor size, age at autopsy 
and mode of death (Chart 7), Mice which died spontaneously almost always died 
less than 450 days after transplantation. The duration of the ovarian graft 
in mice that were killed was 450 to 805 days in all, except three inanition- 
refed mice and in one control mouse; these mice were killed before 450 days 
despite good health. Pour mice died spontaneously after 450 days j three were 
hypothyroid and one had been fed ad libitum after inanition. The product of 
the three average tumor diameters varied from 0*2 to 8,3c. cm. in mice that died 
spontaneously and from 0.3 to 3.3 c.cm. in mice that were killed, exclusive of 
inanition-refed mice, whose ovarian tumors varied from 0.1 to 9.8 c.an. in size. 
Median values for these three groups were 3*6, 0.8 and 1*6 c.cm*, respectively* 
Thus, the presence of large ovarian tumors was associated with their early occur¬ 
rence and death; this lethal action was absent in inanition-refed mice with large 
tumors* In some of the inanition-refed mice equally large ovarian tumors occurred 
just as soon after transplantation as in the controls (Chart 7), The duration 
of the ovarian graft and tumor size attained were correlated with uterine weight. 
» ,■: .fl. • . -: i: ; .no - 
% aXqaetJWdr ''so ©jaii wW* i© ©ween 4b a# lo ©$a 
. ; ■ ' ■ 
• • • ".. c . ■ . '■ '■ ■'v '! (;-■:■ '■ -■ '.o tt< K t : $ 
t© ©atW <*1©-*$ to oifct lo 33a art? tea &tcm* mXhSjo *1© tMM&to 
1 IIjmhb bet* «yuR »*m«a ©rid t■sawTe.f) jtT'i*nd-an©j»6 »js» aoi;' 
, • . . : . j ■•'•■ : '• • 
qjw jf.'Hvq** eji)* lasH# arUfjetoa? tS od - I XII4 <rxw ’to o©ib e 
tqottoa ,ia ©30 «•*!» town 4 xx«e«^ad atfaii© «|xif»«oWjiX*n dajtoiliojia A .rwgecf 
fc#lb a^jtwri* *f »'.<©#»**•«< . 
j grjg a^.ci^vo ©rtf lo aoftMiiA ®xiT . nci 3 ivaalq aouwd *x©31© aysb 09b a Mi as© I 
, 
s\’ab Cdb inoled i>©IIjU «**'»» eol« ©aeAJ- 4©area X otinoo «at© at Jbo» •ol» bain 
*■•,'. ; U 'it: . In fi ■■■■ ■'■■■'■ ■ ' ' «»••• 1 '■ -■ ■"'■ <•'■■-'J- 
lo J’auboT^ ©riT ..xtoiliajani nodi.© nttfidll fc© i>©l fond »ao baa btovtdtoq^d 
. „ ^ v ••...'■■ . ■ - •' ■ • 
■•• . ■ • t ' -... . ,'y . ■,<:-.<■■ 9 .* 
. . ,a :. .( * ■ 
, ' t^,r . . ■' t . 
-woo© ai©rtf j±Jiw fettfsiooaa© ti*w tuiomji a&iz*wv ognel lo •©aaao'tq ©43 
•gral rtf Xw *oia tri *aw ! ■"•■•■" ■'■ •'■-• -* '■•' 
toiii'ooo BtotstA/^ crajLt^to ©31 ©X ifIXajp* ©olti b©<t©’*~itcJy,its©al ©rtt lo • 
; t... it :i i; . T1H ? ' ■ f '■•••« • " ^ •'• ' ' ' n?0 ®'r‘; J ° 
Table 2 
Number and Type of Ovarian Tumors Induced in 
Intrasplenic Ovarian Grafts in Castrate Mice 
Group No. No. No. No. No. Tub. No. 
Mice GCT* Mixed Luteomas adenomas ** Cyst adenomas 
Dietary Controls: 
Male 4 
Female 17 
0.2$ Thyroid; 
Male 13 
Female 11 
0.2$ Thiouracil* 
Male 4 
Female 17 
Inanition: 
Male 7 
Female 5 
Inan-refeeding: 
Male 5 
Female 9 
3 1 
6 5 1 
1 1 
1 
6 3 
3 
2 
3 1 1 
4 3 
1 
^Granulosa cell tuaor. 
**Tubular adenoma 
CHART 2 
Ovarian Tumor Incidence in Dietary Control Mice 
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CHART 3 
Ovarian Tumor Incidence in Hyperthyroid Mice. 
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CHABT 4 
Ovarian Tumor Incidence in Hypothyroid Mice 
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CHART 5 
Ovarian Tumor Incidence in Partially Starved 
Mice. 
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CHART 6 
Ovarian Tumor Incidence in Inanition- 
ref ed Mice. 
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CHART 7 
Relation of the Duration of the Transplant to Tumor 
Size and Mode of Death. 
Underlining, and filled-in symbols, including$$, mean 
that the mouse in question died spontaneously. 
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■which was assumed to be a rough quantitative measure of estrogen hormone 
production. This data is presented in Table 3. Mice that died before 450 
days had smaller uterine weights despite the larger tumor size in these animals. 
In the group of mice killed more than 450 days after ovarian grafts were made, 
larger tumor size was associated with greater uterine weight. The histolo¬ 
gical appearance of the tumors in these groups also varied; tumors in mice that 
died under 450 days after transplantation contained almost no luteinized or 
fat-filled cells; a moderate number or even a large proportion of lutein 
cells were present in the larger tumors in mice killed after 450 days, -while 
almost ©very one of the smaller tumors contained a large proportion or consisted 
mainly of luteinized cells0 
The ovarian grafts varied from. about 0.1 to 2.5 cm. in greatest dia¬ 
meter. Grafts were embedded in the spleen or projected a6 a polypoid mass with 
a pedicle or sessile attachment to the spleen. The grafts were round or irre¬ 
gular in shape with a smooth surface; they contained both solid and cystic 
areas. The solid tumor tissue was yellowish and firm or fibrous, alternating 
with areas of a lighter, grayish color and a more friable or soft consistency# 
Small or large cystic blebs filled with viscid dark red or clear li$it yellow 
serous fluid were present over the surface of the tumor. On cross section, 
the cysts were found to be present throughout the tumor, sometimes comprising 
almost the total mass# In a few of the grafts the solid portion was present 
as a papillary or polypoid growth within a fluid-filled cyst# 
Several forms of ovarian tuuors occurred (Table 2). Cell mor¬ 
phology and organization were the chief diagnostic criteria. Granulosa cell 
tumors were most frequent and these tumors usually contained areas of luteinized 
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Table 3 
Relation of Average Uterine YiTeights to Duration of 
the Ovarian Graft and Size of the Tumor 
Duration of Graft at Time of Autopsy 
Less than 450 days More •than 450 days 
Tumor > 1 c.cme Tumor < 1 c.cm« 
NO a 
Uterine 
, Weight No. 
Uterine 
Weight No 9 
Uterine 
Weight 
Dietary Control 3 93 3 140 4 49 
0„2/£ Thyroid 1 80 
0.2^6 Thiouracil 3 81 4 134 1 71 
IRAN-Refeeding 3 115 1 114 
r • 
' o uoi7i-v'i. c<t au u:. -n tU . ‘‘c t< Ic • !‘ej 
VC ■■ V {•, . C : 7.( V V J1 ' . '.i' 7 ■ 7(J ■ >■ 
j " r, C si' J ■ ’ ■ ( : -.11/C. 
C . • ! 
1.0 i ~ ’.•> '• 
t »: J i 
» 
* ■ . I • f 
' V t ^ 
. 
,( 
8.i> x « ' I £ by J ■ ' v M : 
00 I 
IV I hi I tf> I f o ' it ■ . V ." 
MI I 0 [ l - 
- 28 - 
calls and theca cells* Three luteomas, a theca cell tumor, one tubular ade¬ 
noma and one papillary cystadenoma or adenocarcinoma of the uterine tube also 
occtrr ed* 
b* Granulosa cell tumors* 
The characteristic cell in this tumor "was difficult to distinguish 
from the granulosa cell of a mature ovarian follicle* It was round or poly¬ 
hedral with a large, round, basophilic, centrally-placed vesicular nucleus 
and one or several prominent nucleoli (Fig. 1)* There was scant granular 
eosinophilic cytoplasm; cell boundaries were indistinct, resulting in a syn¬ 
cytial appearance* Cells and nuclei were uniform in size; mitoses were infre¬ 
quent* Considerable variation from this typical cell occurred in the tumors 
induced in this experiment and will be described in the special sections deal¬ 
ing with the different types of tumors© 
Certain distinct patterns of organisation eppeared in the granu¬ 
losa cell tumors* Most common were follicular and diffuse forms* In the fol- 
Xucular type, large groups of granulosa cells were separated by thin strands 
of connective tissue, each containing a blood sinusoid (Fig* 4)* Nuclei of the 
granulosa cells showed considerable variation in size, diape and staining re¬ 
action; mitotic figures were frequent* The parenchymal cells adjacent to the 
connective tissue septa formed a definite basal layer of palisade cells with 
more darkly-staining nuclei* Within these groups of granulosa cells, there 
tiny cystic spaces which were clear or filled with red blood cells or a colloid¬ 
like fluid* The smaller cystic spaces resembled the Call-Exner bodies of mature 
ovarian follicles* The absence of an endothelial lining differentiated the red¬ 
cell- containing microcysts from blood sinusoids; the location was also significant. 
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for there vrere no blood vessels of comparable size within these granulosa 
cell islands* The micro cyst wall was usually a basal layer of granulosa 
cells exactly like that at the outer border of each parenchymal cell mass* 
In the diffuse type of tumor granulosa cells grew in solid sheets 
(Fig. 5)* The individual cells varied in their degree of maturity and mito¬ 
ses were frequent, just as in the trabecular form. Cystic cavities in the dif- 
f use type of tumor were commonly much larger than the micro cysts present in 
the follicular form but the contents were the same* Some of these cysts had 
a basal layer of cells which showed much more variation in cell type than was 
found in any microcyst wall. The granulosa cells comprising the basal layer 
of some macrofollicles varied markedly in size. The walls of other macro¬ 
cysts were made up of thin elongated cells with long, flat mudeij they re¬ 
sembled endothelial cells and were occasionally present as layers more than 
one cell thick* A connective tissue septum was usually present deep to the 
single basal layer of cells; these septa were more apparent when mature or 
nearly mature granulosa cells comprised the cyst wall. Occasionally, several 
rows of granulosa cells were present in the macrocyst wall superficial to any 
connective tissue septa, giving the appearance of macrofollicles. Hyaliniza- 
tion of the connective tissue surrounding macrocysts was common when endothelial- 
like cells formed the cyst wall* 
Large amounts of thinly scattered connective tissue were present in 
some tumors* Granulosa cells occasionally showed a tendency to palisade next 
to these connective tissue strands; this resulted in a basal layer demarcating 
small areas of granulosa cells from stroma without affording complete separa¬ 
tion. In many of the diffusely growing granulosa cell tumors there was less 
& i si •V - . i rxj n •;> ■ r’ f ■.«. X r 0 11. i' >r y :• .' 1 ■*;*- .r d < i . c«w 'S cl 
6 •SJS .0 ’£<r !7: • . C r tms V flA-Vi . ' r c rco 
* .1 , v'O t ■l 0 ... .1, <• f. ~:j- . r t • j: v i a • :»m:® a 1. i. 3 
.b L Co ■{,.< . : - j c is • '' "V 'Vr ~y vtf •' c* adb' a 7 
1 : $ii?i it e axl-'i' . r fc/' 1 /•:•/ "ii. . D i ? ! . v . ' ‘ ' . ?«) 
Yy: u.-'t ;v : s ■ , vi ^; • . i ,:v r; * ^ mumw 
a i vt jg&dd *-.?■ 4^41 -’V • -sal r rue e ad I 
. ;■} >; "xo * IMf, ’ !«in^w &n*t &i'i- m . a ml ~1 • > - ■ i; c rid 
,-j -i : i.Vf t : i. ai it'. *•■ (j»»- € •* (Mi f. ^v/ ; r ' v .* •:.> 'D v ijl Bd is 
<ST, « f •.*v\ n ' . •. •' :j ftjlT •a r. -v f. * • -r} ■a a/ r 
1 1c > Bju * i A cl /IS 'e;h ••• r •C r • .i , tfteto i a It) 
' . '• : ' , : •' ■ • Y. ■ - ; 'j v t. 
i/'-.j' DD'cy :> i • s:;« •• ' '( - ii'*’ £*V. I* V''C > .;v Y-*'©?, 
r * 
. . '• - 
1 t ' „ l > ' 1 ’ ■ . r J,i ■ '• 
r - o : . 0«oi 1 woTt 
, i: ■ ■ ' ■ ' 
I : : ;ic- «.: ■ ' ■ ■ v >\ ,0- • ' "'■■■•"« ' ' 
„ r J 1 
5 ; . . t.j J <;..■ . : -■ - v '■ • ' 
j ■ ■ ■ : i • '• : • ■ |J '■ r - 
t t 1 ’ 1 i ^ 
0 ' 1 ' 
: ■>£ ,x.t 1 fv ... bill. crJ ‘ c <J a c: d- 
- 30 - 
tendency toward palisading of cells into a distinct basal layer adjacent to 
cyst cavities than was evident in the trabecular type of tumor* 
No sarcomatous type tumors occurred* A watered-silk or gyriform 
pattern, in which granulosa cells were arranged in cords one cell thick sepa¬ 
rated by an amorphous stroma, was rarely seen* 
The amount of connective tissue present varied with the organisation 
of the tumor* It was most abundant in the follicular type, sane times being 
equal in amount to the parenchyma. However, a follicular pattern was present 
in some tumors which had only very small amounts of stroma* The diffuse type 
of granulosa cell tumor characteristically contained less connective tissue, 
but large amounts were present in sane tumors of this type. More striking 
than the proportion of connective tissue was its relation to the parenchyma. 
In the follicular type of tumor, it was limited to the space surrounding the 
large granulosa cell islands. In the diffuse pattern, the connective tissue 
was scattered diffusely in fine strands throughout portions of the tumor and ap¬ 
peared to be absent from other large areas, or present in very small amounts. 
In the diffusely growing tumor, there was not the sharp distinction between 
parenchyma and stroma that manifested itself in the follicular type by the 
palisading of granulosa cells into a basal layer demarcating the parenchymal 
cells from stroma* 
Necrosis, hyalinization and other degenerative changes were pres¬ 
ent in many tumors* Bone spicules occurred in such degenerating areas in two 
tumors in control and hypothyroid mice (Fig* 6)# Osteocyte- and oeteoblast¬ 
like cells were present* An uncommon type of tumor occurred in one mouse; it 
consisted of two cells types. One type of cell had strongly basophilic cyto- 
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plasm and marked irregularity of nuclear size and shape; mitotic figures were 
occasionally seen* Loosely organized groups of these cells were surrounded 
by minerous cells of uniform size and shape, with abundant foamy or vacuolated 
cytoplasm; these were apparently luteinized stromal or theca cells which did 
not show any mitotic activity* 
(1) Malignancy: Metastases to liver and lung were present in one 
mouse, and lung metastases in another mouse* The frequency of mitotic figures 
in these granulosa cells suggested that the tumors -mre probably malignant 
(Fig. 11)* This was supported by their anaplastic appearance and more espec¬ 
ially by the successful transplantation of 7 of 21 tumors in which this was 
attempted* 
c* Theca cell tumors and mixed gmnulosa-theca cell tumors: 
One theca cell tumor occurred in this series. It contained fi¬ 
broma to us areas in which most of the cells were elongated and spindle-shaped 
with long flat or oval nuclei; these areas alternated with zones containing 
more epithelioid-type cells which were round with pi imp, centrally placed 
nuclei (Fig* 7)* Another tumor consisted almost entirely of theca deficiency 
cells similar to thecal and stromal cells seen after hypophysectomy or chronic 
estrogen administration* In this tumor most of the cells were of epithelial 
rather than stromal character* Deficiency cells showed the same range as 
cells of the theca externa and theca interna in this respect* The distingui¬ 
shing feature of the deficiency cell was the presence of clumping of chromatin 
at -the nuclear membrane giving a typical Radkern or cartwheel nucleus, since 
the clear space between chromatin clumps appeared like the spokes of a wheel 
(Figs* 2 and 3). Deficiency cells of epithelial nature were indistinguishable 
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from granulosa calls; most of the granulosa cell tumors of diffuse type con¬ 
tained large or small proportions of deficiency cells interspersed with the 
granulosa cells. Gradual transition from granulosa to theca deficiency cell 
•type occurred in many tumors; this change was frequently associated with signs 
of necrosis and cellular degeneration# Many of the cells in contact with bone 
spicules had typical cartwheel nuclei# 
d# Lutein cell and mixed tunors: 
Luteomas occurred in one male mouse and two female mice# His¬ 
tologically, the cells in these tumors were large with centrally placed 
vesicular nuclei and abundant foamy cytoplasm; mitotic figures were present# 
There was a diffuse pattern of organization and in small areas connective 
tissue septa divided the masses of cells into small groups, some of which 
assumed a tubular appearance (Fig*# 8 and 9)# 
In the mixed type tumor areas of luteinized cells were present, 
usually at the periphery, of granulosa or granulosa-theca cell tumors (Fig# 10)# 
Broad bands and small areas of luteinized cells were present within some of 
these tumor masses. Tunors in eight female and two male mice showed consi¬ 
derable luteinization# 
It should be re-emphasized that rarely was any type of tumor 
found free of the other types# Thus, granulosa and theca or stromal defi¬ 
ciency cells were interspersed freely with each other and with luteinized 
cells; trabecular and diffuse forms of granulosa cell tumor were usually both 
present in a given tumor, though one form predominated# 
e# Tubular adenomas: 
One tifcular adenoma occurred in a thyroid-fed mouse# The gross 
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appearance of this txanor was identical -with that of the other types of ovarian 
tumors already described. Histologically, it was composed of large unorgan¬ 
ized dense groups of tubular s true tin* es with a cuboidal epithelium. The cells 
were small, with scanty cytoplasm and prominent nuclei. A few of the tubular 
structures could be traced to the surface epithelium, from which they appar¬ 
ently originated. A second thyroid-fed mouse had a moderately hyperplastic 
ovarian graft in the spleen. It was very similar to the tubular adenoma in 
appearance! however, the tubular structures were less densely arranged and 
had much larger lumina. The epithelium lining these cysts was of a lower 
columnar type than that present in the tubular adenoma; the cells and nuclei 
were of a uniform appearance. The tuibules were separated by abundant nests 
of lutein cells and macrophages in the non-tumorous tubular mass; neither 
cell type was can mo n in the tubular adenoma0 Similar non-tumorous tubular 
structures were frequent at the periphery of luteomas and granulosa cell 
tumors, and were associated with fat-filled or lute ini zed cells of a distinctly 
non-tunorous nature. They lacked certain features of the true tubular adenoma, 
including the presence of a small number of granulosa cells and luteinized cell 
nests. The same type of tubular ingrowth characteristic of the tubular aden» 
oma was sometimes found in direct contiguity with cell® in a granulosa cell 
tuaor or luteoma; this occurred most frequently in granulosa cell tumors that 
appeared in the underfed mice (Fig. 8). 
f. Papillary cystadenama of the uterine tube; 
One thyroid-fed female mouse died under ether anesthesia. The 
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ovarian graft, -which measured 12 x 8 x 7 millimeters was cystic. Inside 
the fluid-filled cyst was a mulberry-like polypoid tumor mass, which was also 
seeded onto the inner surface of the -thin cyst wall. There was a small pearl 
in the right lung and an enlarged mesenteric lymph node. Histologically, the 
multilobular graft consisted predominately of epithelial cells with abundant 
faintly eosinophilic cytoplasm arranged as a euboidal to tall columnar ciliated 
epithelium overlying a stroma composed in part of the same epithelial cells in 
tubular fcmj the remainder consisted of lutein cells, which formed the main 
portion of the tumor mass deep to the epithelium* Small fibroblastic cells 
with darkly staining nuclei and scanty cytoplasm formed the third cell type 
present in this tumor* They were most abundant just deep to but adjoining 
the epithelium* Large vacuoles were present in the cells of the epithelium 
(Figs, 12 and 13), Adjacent to the mesenteric lymph node was a smell fragment 
of tumor tissue. This showed a more clearly defined pattern, A ciliated 
columnar epithelium overlay a stroma which contained only mall cells with 
darkly-staining nuclei similar t© those in the original tumor. No tubules or 
lutein-like cells were present. Nuclei of the epithelial cells were located 
at the upper, or free end of the cells. 
The lung pearl was a primary lung tumor. The character of the 
enlarged mesenteric node could not be determined with certainty; adjacent 
to the lymphoid tissue there were several fragments of the same type of tumor 
tissue described above, but of a more uniform appearance; the epithelium was reg¬ 
ular with only slight variation from cell to cell; there were no vacuoles. The 
stroma was identical with that of the primary tumor. It cannot be stated that 
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this represents a true metastasis; it is probably a peritoneal implantation 
from the spilled contents of the original eystic tumor* 
2, Non-tumorous Grafts* 
Ovarian tumors failed to appear in 42 mice* Sixteen of these were 
thyroid-fed; 11 were thiouraci1-fedj 7 were partially starved; 5 were diet¬ 
ary controls; and 4 were fed ad libitun. following inanition. In eight mice 
there was no sign of the ovarian graft. Ten mice had vascular adhesions. 
These data and other factors correlated with failure of tumorigenesis are 
shown in Table 5, Absence of any germinal epitheliua or epithelial ingrowths 
was noted in 8 hyperthyroid and 2 hypothyroid mice. The non-tumorous graft 
of a control mouse had no epithelial ingrowths despite "the presence of a sur¬ 
face epithelium. 
The non-tunorous ovarian grafts in 8 mice were quite snail and em¬ 
bedded in splenic tissue, A surface epitheliuc was present on a portion 
of some of these grafts. Epithelial ingrowths appeared to arise from this 
and penetrate the ovarian stroma. These ingrowths were tubular and had a low 
cuboidal epithelium. The cells had darkly-staining nuclei and were poor in 
cytoplasm. Small or large fluid-filled cysts lined by the same type epithelium 
were frequently present* The cells forming the walls of these qysts often 
contained hemosiderin; in addition, macrophages could be seen to arise from 
the epithelial ingrowths. Some small fluid-filled cysts surrounded by the epi¬ 
thelium contained macrophages; more critical evidence of the transformation of 
the pluri- or totipotential germinal epithelium into macrophages was the demon¬ 
stration of macrophages embedded in or surrounded by cells of these germinal 
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epithelial ingrowths; these macrophage-like cells already contained cytoplas¬ 
mic inclusions characteristic of phagocytic cell# (Figs* 9, 14 and 15)* 
Follicles and corpora lutea were absent in all but on© graft which 
contained a few primary and mature follicles* One primary follicle had a 
well-formed ovum embedded in "the germinal epithelim from -which it appeared 
to have originated* The graft which contained these follicles was in a 
thiouracil-fed mouse* 
D* Adrenal glands* 
1* Weight? 
Adrenals of the hyperthyroid mice averaged nearly twice as heavy as 
those of "the control®, hypothyroid and inanition-refed groups? 13*4 milli¬ 
grams versus 6*8 to 7*2 milligrams* Adrenals of the inanition group weighed 
6*2 milligrams (Table 4)* Two control mice that failed to develop ovarian 
tumors and had vascular adhesions from graft to body wall , with large uteri, 
had adrenals as large as the average hyperthyroid mice* 
2* Histology* 
Adrenal cortical hyperplasia occurred in mice of every group* In its 
earliest stages, this consisted of thin plaques of small cells with darkly- 
staining nuclei and scanty cytoplasm at the surface of the adrenal (Fig. 16)* 
In mon-advaneed stages there was an ingrowth of -these small epithelial cells 
and of fibroblast-like cells with elongated nuclei but scanty cytoplasm* These 
passed between or displaced the cords of cortical cells, extending eventually 
all the way to the medulla. Acinar groups of large pale-staining cells with 
eentrally located vesicular nuclei were associated with the ingrowths in 
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Table 4 
Average Body and Organ Weights of Castrate Mice with 
Intrasplenic Ovarian Grafts, with and without Ovarian Tuners 
Group Body 
(grams) 
Uterus 
(mgm) 
Sem.ves., 
prostate 
(mgm) 
Adrenal 
Glands 
(mgm) 
Liver 
(grams) 
Thyroid 
Gland 
(mgm) 
Ovarian Timor No* wt. No* Wt. No. Wt. No. Wt. No. Wt. No, Wt. 
Dietary Controls 13 28.3 10 85.9 3 22.4 8 6.8 3 1.6 
0.2$ Thyroid 3 26*7 3 37.8 3 13.4 3 1.8 
0. 2$ Thiouracil 10 23.7 9 99.8 1 18.6 4 6.9 8 1.6 3 31.9 
Inanition 5 18*8 2 8.7 4 9.8 3 6.2 3 1.1 
I nan-refeeding 8 28.7 6 105.7 3 21.1 5 7.2 7 1.8 
No Ovarian Timor 
No 
Adhesions Adhesions 
Dietary Control 5 24.3 2 42.2 3 95.4 5 9.3 
0.2$ Thyroid 16 26.4 8 18.5 3 83.9 3 10.3 6 13.3 11 1.3 5 4.2 
0*2$ Thiouracil 10 25.8 4 34.4 3 33.7 3 19.3 7 7.1 3 1.6 7 24.5 
4 21*1 2 12® 7 2 10.4 2 7.0 4 1.1 Inanition 
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moderately advanced stages. Each group was surrounded by the small cells 
(Fig. 17). Chart 8 shows the degree of hyperplasia, using a grading system 
based on the proportion of adrenal surface involved and the depth of involve¬ 
ment. Both adrenal® usually showed about the same degree of hyperplasia. 
Advanced hyperplastic changes occurred in five control mice and in one inani¬ 
tion-refed mouse* Two papillary cystadenomas were present in the most hyper¬ 
plastic adrenal gland in a control mouse; Ihis adrenal gland was actually 
tumorous and not just hyperplastic (Fig. 18). Another showed a small cyst 
lined by a simple low cuboidal epithelium. Adrenals of these two mice were 
as heavy as those of hyper thyroid mice, hut histologically there was no re¬ 
semblance* 
Thyroid-* end thiouraci 1-fed mice showed equal and anall degrees of 
hyperplasia; the inanition group only slightly more. The inanition-refed mice 
showed marked cortical hyperplasia® 
In most thyroid- and thiouracil-fed mice there was an increased amount 
of connective tissue separating cortex from medulla and encroaching on both* 
This connective tissue appeared as a slightly cellular mass with amorphous 
ground substance containing only a few fibrils demonstrable by a Masson stain* 
The water stains blue with Masson’s, and occasionally reddish areas were present* 
The cortex was composed mainly of z* fasciculata and hyperplastic 
areas. The x-zone was absent and cortex and medulla were separated by amyloid- 
containing connective tissue or a cellular infiltration. Despite its occasional 
small size, the medulla appeared normal in all animals* 
CHART 8 
Adrenal Cortical Hyperplasia. 
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E* Hormone productions 
1. Estrogen: 
Criteria for estrogenic effect on the uterus are an increased weight, 
enlargement of the lumen and of the epithelial lining cells, with change from 
low to high columnar, stromal edema and hypertrophy of the muscle layer. Es- 
trogenic effects were present in seme mice of every group except inanition 
(Chart 9 and Table 6), Judging from uterine weight, the hyperthyroid mouse 
with tumor showed an estrogenic effect smaller than the average of the other 
groups. Control uteri were next in size, followed by the hypothyroid group 
and finally the inanition-refed group, -which had the greatest average uterine 
weights® 
2. Progesterone: 
In no animal was there sufficient progesterone to produce a typical 
progestational endometriua. A positive progesterone effect consisted of the 
presence of an enlarged, nearly round, vesicular stromal nucleus with a promi¬ 
nent nucleolus. Progesterone-induced changes in the stromal nuclei of the 
uterine mucosa were present in mice of every group exoept inanition (Table 6 
and Fig. 19). In no animal was progesterone produced without the concomitant 
production of an estrogenic hormone* 
3. Androgem 
There was no evidence of androgenic hormone production in any mouse, as 
determined by weight and histology of seminal vesicles and prostate or histology 
of -the kidney* 
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CHART 9 
Average Uterine Weights. 
AVERAGE UTERINE WEIGHTS 
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F* Thyroid glands: 
Mora than 13 thyroids war© examined, most in the hypothyroid group; these 
had an average weight of 31*9 milligrams in 3 mice with ovarian tvaaors and 
24<>5 milligrams in 7 mica without tumors* This difference in weight may be 
due in part to the period of delay of as long as one week between the time 
mice were taken off the diet and the time of autopsy* It may, therefore, not 
be significant. Thyroid weight of three hyperthyroid mice averaged 4*2 milli¬ 
grams. Histologically, the large thyroids were somewhat hyperplastic, with 
occasional small papillary cystadenomas* Parathyroids appeared round. No 
thyroid tissue was seen in the lungs grossly or on test sections; serial sec¬ 
tions were not made* 
G* Liver; hepatomas: 
Average liver weights ranged from 1*6 to 1*8 grams in all except the inani¬ 
tion groups, with an average of 1.1 grams, and 11 thyroid-fed mice without 
ovarian tumors, averaging 1.3 grams. Hepatomas occurred in six mice fed thlo¬ 
ur a ci 1. Five of these mice failed to develop ovarian tumors, and in none of 
them was any estrogenic hormone produced. Almost every ovarian tumor-bearing 
animal produced estrogenic hormones (Table 7). Each hepatoma was visible grossly, 
appearing as a smooth, raised area with a slightly different texture. The tu¬ 
mor cells were larger than normal liver cells and did not have an orderly arrange¬ 
ment with a biliary system. Th© nuclei varied in size* Around the periphery of 
the tumor the normal liver tissue was compressed but there was no invasion by 
tumor cells; fatty infiltration of moderate degree occurred in some of the non- 
tumorous liver areas (Fig. 20). 
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Table 1 
Relation of Uterine Weight to the Incidence of Hepatoma 
Hepatoma No Hepatoma 
No Ovarian Tumor Ovarian Tunor 
Weight 
(mgm) 
1'eight 
(mgm) 
Weight 
(mgm) 
15 45 71 
72 28 106 
36 29 134 
14 222 
81 
101 
57 
46 
81 
Averages 34 34 100 
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Sinusoidal dilatation or distention with blood was present in only 
two control mice with, large tumors. This was minimal in one but of moderate 
degree in the other mouse, which contained the largest tumor in the entire 
series, measuring 25 x 21 x 15 millimeters. 
H. Scrotal herniass 
Scrotal hernias appeared in four castrate male mice. One was on the 
control diet and three were refed after inanition. 
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Discussion 
Ovarian Tumors 
A. Histogenesis: 
The formation of ova and follicle cells by proliferation of the germinal 
epithelium throughout the reproductive life span has been established in tiie 
mouse (1), rat (4) and many other species including man (51)* Proliferation 
of the germinal epithelium with the formation of epithelial ingrowths has been 
described in x-irradieted mice (17, 73) and in mice with intra-splenical ovarian 
grafts (104). Cells of granulosa cell tumors and luteomas have been found in 
close association with the invaginated epithelial cells in these mice,and the 
apparent transformation of tiiese epithelial cells with ellipsoidal nuclei and 
scanty cytoplasm into the tumor cells has been described (104)<» 
These are the observation® that form the basis of the concept of the histo- 
genesis of ovarian tumors now to be presented. It should be emphasized that 
this concept is consistent with the histogenesis ©f the constituent cells of 
the normal ovary. In brief, granulosa cell tusors in intra-splenic ovarian 
grafts appear to be derived from ingrowths of the germinal epithelium, and lu¬ 
teomas from the same source or by transformation of granulosa cell tumors. 
An important consideration is the short life span of ova and follicles 
(1). This short life span has been denied by Butterworth and co-workers (20, 
62, 164). They reported that x-irradiation of mice resulted in destruction of 
ova and large follicles, but left the epithelium of small follicles intact. 
They further maintained that granulosa cell tumors arose by proliferation of 
these persisting follicle cells. Geist, Gaines, and Pollack (73) repeated this 
work and found incomplete follicle destruction at four months, bub complete ab¬ 
sence of follicular structures at seven months. They also described the partici¬ 
pation of theca cells with the cells of the inter-follicular tissue in the early 
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post-irradiation proliferation and lutein!zation; these two processes occurred 
together* These authors found mitotic figures in some of the luteinized cells* 
and they maintained that this proliferation and hyperplasia gave rise to granu¬ 
losa cell tumors. This appears unlikely since granulosa cells are not derived 
from mesenchymal, theca or luteinized cells in normal development* despite 
Fischel's claim to the contrary (74)* Butterworth (20) made the more limited 
claim that luteomas were produced by proliferation of lutein cells in irradiated 
mice. Biskind and Biskind (14) have described much the seme thing in rats with 
intra-splenic ovarian grafts; in these rats, granulosa cell tumors appeared 
later than luteomas and tended to overgrow them, so that the luteoma became 
partially or completely replaced. From a study of their published work, it does 
not appear that Geist arid co-workers have really demonstrated the origin of 
granulosa cell tumors from proliferating and hyperplastic mesenchymal or stromal 
elements. In their excellent study of the effects of irradiation on the ovary 
(73) they emphasized the proliferation of surface epithelium and the formation 
of invaginations from it; these occurred concomitant with the marked hyperplasia 
which they described as the probable source of the granulosa cell timers which 
finally occurred. Since granulosa cell© normally arise by proliferation of the 
germinal epithelium and since such proliferation with invagimtions into the 
ovary occurs to a high degree in x-irradiated mice, it seams more likely that the 
tumors arose from the germinal epithelial ingrowths* 
The factors initiating the proliferation of die germinal epithelium and the 
formation of invaginations from it are not known. Giliman (74) has shown in 
human embryos that the extensive destruction of ovocytes initiated by the invasion 
of the gonadal primordiu® by stromal cells is associated with a renewed prolifera¬ 
tive activity of the germinal epithelium which results in the formation of 
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pregranulosa cells; these may take many forms: cords, tubules, alveoli, or spheri¬ 
cal masses* The resemblance to the structure of irradiated or intra-splenic ova¬ 
ries is striking* 
These hyperplastic groups of cells, persisting during Idle neonatal period, 
were designated by Meyer as’Eiballen’or cell rests; he thought they ranained 
in the ovary irdefinitely, and possessed the capacity to become tumorous• Granu¬ 
losa cell tumors have occurred inhuman infants as soon as 14 weeks after birth; 
these probably arise by continued proliferation of the cords or masses of pre- 
granulosa cells just described* There is not sufficient evidence of the persis¬ 
tence of "cell rests” in the ovaries of any species of animal to substantiate a 
cell rest theory; it seems more unlikely in view of the temporal correlation 
of the proliferation of the germinal epithelina with the formation of tubular 
ingrowths and the occurrence of granulosa cell tumors in hunan females. There 
is no connection between destruction of ovocytes and epithelial proliferation in 
the pathogenesis of ovarian tumors in the experiments discussed thus far; how¬ 
ever, the invasion of the ovary by stroma in fetal life and iie hyperplasia of 
stromal cells or their derivatives in the ovaries of x-irradiated mice are simi¬ 
lar processes and each may be instrumental in the initiation of germinal epi¬ 
thelial proliferation* The differentiation of granulosa cells from epithelial 
ingrowths remains unexplained, although stromal invasion or hyperplasia may be 
an essential factor* 
Small or large cystomas or cystic tumors as well as tubular adenomas might 
be expected to result from epithelial invaginations if differentiation into granu¬ 
losa cells failed to occur. The occasional presence of metaplasia or the ovarian 
surface epithelitm, which may become ciliated lends support to this concept; this 
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is ©specially true since the same -types of metaplasia, even ciliation, have 
been seen in the geminal epithelial ingrowths that occur so frequently. 
There have been many theories concerning the origin of ovarian cystic 
tumors. Marchand (115) was probably the first to claim the geminal epithe¬ 
lium as the source of these tumors. This tie cry has been widely accepted. 
Danforth (34), however, has found new evidence in favor of the origin of 
pseudomucinous cyetadenomas from Walthard cell rests in the human female, 
i. e. there is a type of nuclear folding characteristic of both of these cell 
types and also of cells in Brenner tumors. Other sources that have been sug¬ 
gested for cystomas are: primary and graafian follicles, medullary cords, 
Pflueger’s tubules, and the epithelium of the rets ovarii and the wolffian 
ducts (71). 
There is a general similarity in the ideas of the histogenesis of the 
cystomas and folliculomas, with the exception that a mesenchymal origin has 
rarely, if ever, been ascribed to the cystomas. MacCarty (quoted by Spencer 
and Reel (154) observed that the lining epithelium of the serous cystomas was 
occasionally continuous with the germinal epithelium; in the contralateral 
ovary in such cases he frequently saw indentations of the surface epithelium 
in the form of microcysts or miniature papillomatous growths. These same in¬ 
dentations and microcysts were observed by Barzilai (9) to show the character¬ 
istics of typical uterine tubal epithelium; she tierefore called the serous 
eystadenoraa with its characteristic high columnar and often ciliated epithelium 
an endosalpingioma. Schiller (139) pointed out the common origin of the ovarian 
surface epithelium and the Mullerian duct epithelium from the primitive celomic 
epithelium; he concluded that the surface epithelium could gi-ve rise to any 
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Mullerian duct deri vative or a tumor simulating it, i,e. endosalpingioma 
(uterine tube), endometrioma (body of the uterus) and pseudomucinous cystaden- 
oma( uterine cervix). The concept of celomic metaplasia has alos been invoked 
to explain pelvic and ovarian endometriosis (161), The marked pluripotential- 
ity of the germinal epithelium was demonstrated in the present experiment by 
the transformation of cells lining the cysts formed by tubular ingrowths 
from the germinal epithelium into macro phag@g« 
The histogenesis of granulosa cell tumors, luteomas and tubular adenomas, 
is probably identical with that of ovarian cystomas; all appear to arise from 
invaginations of the germinal epithelium. In support of this are the following: 
1, Seegar and Jones (142) demonstrated that a large proportion of what 
were diagnosed as ovarian serous cystsdeno carcinomas, which constitute about 
40 per cent of all human ovarian carcinomas, are a type of granulosa ©ell tumor, 
2, Several of the intrasplenic grafts in the present experiment had the 
appearance of cystpapilloraas at autopsy, with a large cyst containing a smaller 
granulosa cell tumor mass protruding from the inner cyst wall* These tumors 
correspond to the group of serous cystadenocarciaomas described by Seegar and 
Jones, 
3, Multiple small or large simple serous cysts occurred frequently in 
non-tumorous ovarian grafts and were even more highly developed in the non- 
tumorous portions of ovaries in which granulosa cell tumors appeared, 
4, A papillary serous cystadenoma with a high columnar epithelium and 
occasional ciliated cells occurred in a hyperthyroid mouse. There were no 
granulosa cells in this tumor, ■which was similar in its broad pattern to the 
tumor Barzilai described as an endosalpingioma. Only one such tumor occurred 
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in the present experiments* 
5* Atypical hyperplastic structures with an acinar pattern and similar 
to human carcinomatous ovarian cystadenomas have been seen in x-irradiated 
mice (39)* 
6* The close association of epithelial ingrowths and tubular adenomas with 
granulosa cell tumors and luteomas emphasized by Li and Gardner (104) was also 
seen in the present experiments* 
7. Granulosa cell tuners have occurred in women in intimate association 
with a serous cystadenoma (43) and endometriosis (31)* In addition to these 
positive factors, negative evidence is also available, i. e. embryonic granu¬ 
losa cell rests have not been seen in the ovaries of mice studied in this 
laboratory (104)* If the thesis is correct, that all these tumors have the same 
histogenesis, the problem becomes one of determining what factors affect the 
pathogenesis sufficiently to result in the production of the different types of 
cysts and tumors that have been observed. 
B* Pathogenesis 
1* Amount of gonadotrophic hormone productions 
It was demonstrated in the first part of this thesis that the rate 
of gonadotrophic hormone secretion in castrate mice with inbrasplenic ovarian 
grafts is increased after the first month* Levine and Wits chi (103) had been 
shown earlier that normal female rats showed constant estrous when united in 
parabiosis with x-irradiated male or female rats, and that castration cells 
were present in the pituitariss of the irradiated rats* There are several 
reasons for concluding that this increase in gonadotrophin has an important 
role in the pathogenesis of ovarian tumors: 
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a, Granulosa and theca coll tumors, luteomas and tubular adenomas 
occur in both x-irradiated and castrate mice with intrasplenic grafts; -fee 
histological structure of the tumors appearing in intrasplenic ovarian grafts 
is similar, if not identical, to that of tumors induced by irradiation, 
b. The presence of an intact or non-irradiated ovary prevents the 
occurrence of tumors in both groups (13, 104, 106). The presence of vascular 
adhesions from the splenic graft to the body wall or uterus, or the weekly 
injection of 16,6 gamma estradiol benzoate or 1 mg. testosterone propionate 
also inhibits the formation of tumors (105), This inhibitory action is 
probably mediated by the pituitary by means of a diminution in follicle- 
stimulating hormone output or els® by an alteration in the output of lutein¬ 
izing hormone. This is what one would expect on the basis of the well-known 
reciprocal interaction of the pituitary and ovary (25, 122), and more parti¬ 
cularly from a quantitative study of this made by Biddulph, Meyer and Gum- 
breck (12), 
c* There is a longer latent period before the appearance of ovarian 
tumors following irradiation than after intrasplenic ovarian transplantation 
(105 a). This may be due to a reduction towards normal of the increased go¬ 
nadotrophic hormone production because of the ability of the irradiated ovaries 
to produce estrogenic hormones; these mice may run ©strous cycles (17) and even 
become pregnant (106), Tubular adenomas have been seen in x-irradiated, under¬ 
fed and thyroid-fed mice. Drips and Ford (39) saw a tumor in an x-irradiated 
mouse that resembled a human carcinomatous ovarian cystadenoma; a papillary 
cystadenoraa occurred in a thyroid-fed mouse in the present experiment. In 
each of these three experimental conditions the rate of gonadotrophin production 
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was apparently less than in castrate micej fee rate of production of gonado¬ 
trophic hormones may have determined the type of ovarian tumor that occurred# 
Granulosa cell tuners and lubeomas were associated wife a high rate, and 
tubular adenomas and cystadenomas with a lower rate of gonadotrophin production* 
The other factor or factors involved in the differentiation of cells of the 
germinal epitheliua into granulosa cells, lutein cells or cells of the so-called 
Mullerian duct derivatives are not known* 
2. Type of gonadotrophin; 
Li and Gardner (104) noted the occurrence of 4 luteoxnas, 7 mixed 
tumors and no pure granulosa cell tumors in 33 castrate female A strain mice 
with intrasplenic ovarian grafts, and no lubeomas, 1 mixed tumor and 5 pure 
granulosa cell tumors in a similar group of 21 males, ^hey attributed this 
difference to the smaller amount of luteinizing hormone produced by the male 
pituitary (129). In fee present experiment 2 luteomas, 8 mixed tumors and 
8 granulosa cell tumors in the male* The luteoma occurred in a male mouse fed 
the controlled diet. It may be that the greater duration of fee ovarian grafts 
accounts for the occurrence of 1 luteoma and the greater proportion of mixed 
tumors in fee male mice in fee present experiment, ^his might also account 
for the greater proportion of granulosa ©ell tumors in fee females. The 
smallness of the samples in the two experiments may be responsible for the dif¬ 
ferences noted* 
3. The role of endogenous estrogenic hormonest 
The inhibitory action of estrogens has just been described. On fee 
basis of this demonstrated inhibitory effect, it might be expected that the 
production of an estrogenic hormone by fee hyperplastic or tumorous ovary would 
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inhibit its further growth if the hormone was produced early enough and in 
sufficient quantity, and if the hyperplastic or tumorous ovarian tissue was 
still dependent upon, gonadotrophins* This explanation has just been used to 
account for the greater latent period before tumor appearance in irradiated 
mice as compared to mice wilh intrasplenic ovarian grafts. A similar differ¬ 
ence appeared in the present experiment! a correlation was found between the 
duration of the graft, tumor size, tumor histology and uterine weight, which 
was used as a rough indication of the amount of estrogen reaching the peri¬ 
pheral circulation. The presence of a large tumor was usually associated with 
death of the mouse at less than 450 days after the graft was made? almost every 
animal that lived for 450 days remained alive and well until it was aubopsied 
at an arbitrary time while still in good health. The group that lived over 
\ 
450 days had much smaller tumors; those in which the product of the 3 tumor 
diameters was over one cubic centimeter had larger uteri than did the mice 
dying at less than 450 days, and these in turn had larger uteri than did mice 
of the*over 450 days’ group in which the product of the 3 tumor diameters was 
less than 1 cubic centimeter. The uteri of almost all mice in this last group 
showed a progesterone effect; only in the other ’over 450 days* group were 
there mice whose uteri showed a progesterone effect on the stromal nuclei* 
Histologically, tumors of the * under 450 days group’ contained only rare lutei¬ 
nized or fat filled cells* Almost every tumor of the ’over 450 days group* con¬ 
tained a large percentage of lutein cells; the greatest proportion of luteinized 
cells occurred in tumors of less than one cubic centimeter size* 
Two conclusions may be drawn from these data* (1) The tumor growth rate 
is, roughly, inversely proportional to the degree of luteinization of the tumor 
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cells* (2) The presence of luteinized cells is correlated with a high or low 
uterine weight and the presence of a progesterone effect on the stromal nu¬ 
clei; this is more frequent in the mice with lower uterine weights* Both of 
these conclusions can be accounted for in this manners Follicle-stimulating 
hormone is the tumorigenic agent and is required for the growth of the tumor* 
Normally, a small amount of luteinizing hormone is also produced, and as a 
result of the joint action of these two gonadotrophic hormones, estrogenic 
hormone is produced. This estrogen acts on the pituitary to cause an in¬ 
creased LH output with a resultant increased estrogen production and increased 
luteinization, with progesterone also being produced. The constand and in¬ 
creasing estrogenic action on the pituitary gland finally inhibits the produc¬ 
tion of FSH and may eventually result in a diminished LH output* Either FSH 
or LH or both are necessary to maintain the functional activity of the lutein 
cells* In the absence of either estrogen production falls and may finally 
cease* Thus the three groups (Table 3) illustrate three stages in the life 
history of the granulosa cell tumors the early proliferative stage; luteini¬ 
zation, probably a response to an alteration in type of gonadotrophic hormone 
resulting from the hormonal activity of the timer cells; and the third stage, 
functional exhaustion of the tumor associated with excessive luteinization, 
4* Bole of stromal derivatives: 
There are certain apparent differences between the pathogenesis of 
hormonally active ovarian tumors as depected here and as it has been described 
for similar tumors that occur in castrate rats with intrasplenic ovarian grafts 
(14)* Biskind and Biskind (14) have observed the occurrence of luteomatous 
growths prior to any signs of the appearance of granulosa cell tumors which 
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appeared to arise secondarily in the pre-existing luteomas, in some rats com¬ 
pletely replacing the luteomous tissue* 
In the present experiment the actual time of appearance of the granu¬ 
losa cell tumors and luteomas was not determined; consequently it can only be 
said that granulosa cell tumors grew much faster than luteomas or partially 
luteinized tumors* Despite the far earlier gross appearance of the granulosa 
cell tumors, the prior existence of a luteoma cannot be ruled out* Li and 
Gardner (104, 105) examined the ovarian grafts in related strains of mice at 
a much earlier time than was done in this experiment; they found a greater 
proportion of luteomas and mixed tumors than was present in the present inves¬ 
tigation, This suggests that the pathogenesis described by Bisking and Biskind 
(14) in the rat may prevail in the mouse as well* However, Li and Garnder’s 
serial study of intrasplenic ovarian grafts during the early months after trans¬ 
plantation has shown the prior occurrence of germinal epithelial ingrowths 
and transformation into granulosa cell masse®# 
Luteinizing hormone may b© responsible for the luteiniz&tion of tumor 
granulosa cells (104). Hats have been described as hyperthyroid in com par Ison 
to mice (118), Since thyroid hormone apparently acts to cause an increased 
output of LH (25), this my account for the more extensive lubeinization and 
stromal hyperplasia found in rats. The marked inhibitory effect of 0,2 per 
cent desiccated "Qiyroid in the diet on granulosa cell tumorigenesis in mice in¬ 
dicates that there are differences in factors affecting tumorigenesis other than 
the level of thyroid function. 
It remains to be demonstrated that the proliferation and hyperplasia 
of theca and interstitial cells or of lutein cells (14, 73) can give rise to 
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theca cell tumors or luteomas, or that such hyperplastic or luteomatous masses 
are capable of growth after transplantation. These structures may have an 
important role in the pathogenesis of granulosa cell tuaors and of other tumors 
■that arise from germinal epithelial ingrowths, but a role in the histogenesis 
in these tumors must be denied to all stromal derivatives. 
5® Pathogenesis of the theca cell component of granulosa cell tumors> 
At least one-third ©f the tumors that were studied in this investiga¬ 
tion contained theca or stromal cells® Many of these were deficiency type 
cells of the kind characteristically seen after hypophysectcaay or prolonged 
administration of estrogenic hormones; they were usually associated with de¬ 
generative changes in the tumors necrosis of granulosa cells, overgrowth cf 
fibrous tissue, edema of the tumor parenchyma and bone formation. Many of the 
cells adjacent to the bone contained typical cartwheel deficiency nuclei; 
cells within the bone did not contain sudi a mucleug® 
The origin of the theca cell is not known with certainty; it has usu¬ 
ally been considered as a stromal or mesenchymal cell modified by the influence 
of adjacent follicle cells; Goodall (76) ascribed an origin from the germinal 
epithelium to theca cells® Pure theca cell tumors have been described (146); 
more commonly, theca cells are closely associated with granulosa cells in what 
appears to be a typical granulosa cell tumor. A silver reticulum stain was 
used to differentiate between these two cell types by Traut and Marchetti (166); 
they described the transformation of one cell type into the other in tiaaors con¬ 
taining both types® Similar observations were made in the present experiment 
using the arrangement of the nuclear chromatin, nuclear and cell shape as diag¬ 
nostic criteria, rather than a reticulum stain. Granulosa cells undergoing 
necrosis frequently had nuclei resembling the cartwheel nuclei of theca deficiency 
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cellsj Salazar (quoted by Corner (32) referred to this as chromatolysis by 
margination, with clumping of chromatin at the periphery of the nucleus# Sine© 
theca cells were seen mainly in association with degenerative changes in the 
granulosa cell tumors, it was impossible in son© areas to differentiate be¬ 
tween theca deficiency cells and the granulosa cells undergoing chroma tolys is 
by margination. However, in some of these mixed tumors, it was possible to 
find areas in which almost pure granulosa cell masses were penetrated by small 
blood vessels, along the walls of which were several theca or theca deficiency 
cells; these varied from a fibroblastic type cell to a cell of epithelial charac¬ 
ter, This observation can best be interpreted as an indication that theca cells 
do not come from the pre-existent granulosa cells but have a stromal origin. 
The pathogenesis of theca cell components of granulosa cell tumors can 
now be reconstructed. In each granulosa cell tuaor stromal elements of fibro¬ 
blastic type were present and probably enter the tumor in association with the 
blood vessels supplying the tumor. In some tumors stromal cells undergo trans¬ 
formation into them cells, probably in response to seme humoral factor emanat¬ 
ing from granulosa cells. In the earliest stages of the process, when theca 
cells were just beginning to differentiate, the surrounding granulosa cells ap¬ 
peared healthy. As the process continued, an increasing proportion and number 
of the neighboring granulosa cells showed signs of degeneration. The increase 
in number and concentration of theca, cells was thus associated with a progres¬ 
sive necrosis and disappearance of granulosa cells. Areas consisting entirely 
of theoa cells were present in some tumors. The degree of fibrosis, bone for¬ 
mation and edema of the tumor tissue was roqghly proportional to the degree 
of thecal hyperplasia. The onset of this whole process appears to have been 
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the initiation of necrosis in the granulosa cells. This may have been the 
result of an inadequate blood supply in the growing tumor. It has been shown 
that in the follicular atresia of pregnancy (75) and at a certain stage in 
foetal follicular development (74) there is very marked hypertrophy and hyper¬ 
plasia of theca cells, followed by an intense fibrous reaction. Hyperplasia 
of theca cell elements is associated with the follicular atresia induced by 
irradiation (17, 73). It appears, therefore, that necrosis of granulosa cells- 
may induce differentiation of stromal cells into theca cells, which may then 
produce estrogenic hormones. Estrogens are finally produced in sufficient 
quantity to exceed the liver’s ability to inactivate them or else a qualita¬ 
tively different estrogenic hormone is produced. A diminution in FSH output 
results, with consequent increased granulosa cell degeneration and, therefore, 
in more proliferation of theca cells. The process is progressive and may go 
on to complete transformation into theca cells. It is not known whether such 
a mass constitutes a true neoplasm or whether a theca cell tumor must originate 
in a pre-existing granulosa cell tumor. Barailai (9) has doubted this, be¬ 
cause the granulosa cell tumors she examined frequently contained mesenchymal 
elements whereas pure theca cell tumors never did# 
C. Incidence and Types 
1. Effect of desiccated thyroid; 
Thyroid-fed mice had a lower incidence of ovarian tumors. This effect 
can be attributed to 1) a diminished amount or altered type of gonadotrophin 
produced by the pituitary; or 2) a decreased or altered ovarian response to 
gonadotrophins. It was shown that the administration of 0.02 to 0.32 per cent 
thyroprotein in the diet to mice resulted in an enhanced seminal vesicle and 
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coagulating gland weight gain following treatment with pregnant man serum 
gonadotrophin; 0*64 per cent thyroprotein exerted the opposite action, as did 
0*1 per cent thiouracil in the diet (118). Assuming that the ovarian respon¬ 
siveness to gonadotrophins undergoes the same enhancement or inhibition as the 
testes, and in the same dosage range, it follows that the ovaries of thyroid-fed 
mice in this experiment would have shown an increased responsiveness, and in 
the thiour&cil-fed mice, a diminished responsiveness to the endogenous gonado¬ 
trophins* But what actually occurred in the thyroid-fed mice was an inhibi¬ 
tion of tumorigenesis. Before assuming that this must be due to a lowered 
FSH or altered LH output or both, it remains to be demonstrated that there is 
no direct action of thyroid hormone on the ovary; this might manifest itself 
after a long period of time, e. g. causing differentiation in some particular 
direction, and yet have no effect on the responsiveness of the ovary to a 
single or small number of injections of gonadotrophin. This may account for 
the occurrence of the serous cystadenoma or endosalpingioma in one hyperthyroid 
mouse* 
2. Effect of thiouracil: 
There was a slight bub significant reduction in tumor incidence in the 
thiouracil-fed mice. This may have resulted from a diminished ovarian res¬ 
ponsiveness to gonadotrophins, as discussed in the preceding section. The body 
weights of the thiour&cil-fed mice were midway between the weights of normal 
and of calorically restricted mice. It may, therefore, have been the mild de¬ 
gree of inanition rather than the thiouracil or hypothyroidism per se that was 
responsible for the inhibition of tumorigenesis noted in this group* 
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3. Effect of inanition: 
Inanition resulted in a marked inhibition of tumor production, only 
slightly less marked than the inhibitory effect observed in thyroid-fed mice* 
The occurrence of four tumors in this group is evidence that son.© gonadotro¬ 
phin was being produced. The term "functional or physiological hypophysectcmy" 
is, therefore, only partially correct. Following hypophysectcmy, til© ovaries 
remain responsive to gonadotrophin for a limited time only; the administration 
of estrogens or small amounts of gonadotrophic hormones, if begun within a 
week or so after hypophysectcmy, will maintain the ovaries in a responsive 
state (132). The rapid development of granulosa cell tumors, after mice in 
the inanition group were placed on an ad libitum food intake, is strong evi¬ 
dence for the presence of ovarian responsiveness to gonadotrophins, and there¬ 
fore, evidence of a low gonadotrophic hormone secretion in mice fed 2/3 the ad 
lib it tin food intake* 
Adrenal Cortical Hyperplasia 
A* Histogenesis and pathogenesis: 
Adrenal cortical hyperplasia and tumor formation have been observed in many 
strains of mice following castration (67, 180). These hyperplastic or neo¬ 
plastic areas arose by proliferation of small subcapsular cells with scanty 
cytoplasm which formed small clusters and invaginations that progressively 
extended towards the medulla (grade 1). As the proliferation continued, acinar 
groups of large cells with abundant cytoplasm arose in the hyperplastic areas, 
which continued to enlarge and encroach on the normal adrenal cells (grades 2 
and 3). Further progression led to hypertrophy of the adrenal gland (grade 4). 
Mice of the hybrid strain used in this experiment showed all stages of this 
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hyperplasia and hypertrophy* In same other strains, carcinomas have arisen 
in such hyperplastic adrenals; they have been seen rarely in CC^ hybrid mice® 
B* Inhibitory factors % thyroid, Ihiouraeil and inanition: 
Partial inhibition of adrenal cortical hyperplasia occurred in thyroid-fed, 
thi©uracil-fed, and calorically restricted mice; partial inhibition of ovarian 
tumori genesis resulted from the same experimental conditions* Increased thy¬ 
roid function and the administration of estrogens have been shown to stimulate 
the adrenal cortex, probably by increasing adrenocorticotrophic hormone produc¬ 
tion (35)* Flaks (55) has claimed that the induction of adrenal cortical 
tumors Ty castration is a result of an increased adrenocorticotrophic hormone 
output* The inhibitory effects of hyperthyroidism and estrogen administration 
on adrenal cortical hyperplasia will not support his claim unless it can be 
shown that prolonged feeding of 0*2 per cent desiccated thyroid in the diet 
will result in exhaustion of the som fasciculate as has occurred with 0.5 
per cent thyroid (35). The only two mice with well-developed hypertrophy of 
the adrenals were dietary controls; they did not have ovarian tumors. The 
presence of an ovarian tumor with its associated estrogen production may, 
therefore, have had a slight inhibitory effect on these adrenal changes* The 
uteri of several mice without ovarian tumors showed effects of estrogenic sti¬ 
mulation* This was associated with adrenal cortical hyperplasia and it is, 
therefore, concluded that these hyperplastic adraaals were producing an estro¬ 
genic hormone. These data support the concept that an increased gonadotrophin 
output is responsible for both adrenal cortical hyperplasia and ovarian tumori- 
genesis* 
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Thyroid and Level of Thyroid Function 
The hypertrophied thyroids of the thiouracil-fed mice and the small thin 
normal glands in thyroid-fed mice are evidence of some degree of hypo- and 
hyperthyroidism in the two groups* The benign tumorous changes that occurred 
in the thiouracil-fed mice are similar, though not as marked, as those des¬ 
cribed in mice receiving ten times the dose used in this experiment (77)* Thy¬ 
roid tissue was not found in the lungs as described by Morris, Dubnik, et al 
(123). 
Liver Tunors 
In the thiouracil-fed group, hepatomas occurred in half the mice without 
ovarian tumors (5 of 10) but in only one-tenth of ovarian tumor-bearing mice 
(1 of 10). The presence of ovarian tumors in -this groxp was associated in 
every mouse with the presence of large amounts of an estrogenic hormone in the 
peripheral circulation and even larger amounts going directly to the liver from 
the intrasplenic tunorj there was no estrogen production in the non-tumor-bearing 
mice. Benazzi (11) claimed that estrogenic hormone inhibited thyroid function. 
Chamorro (24) reported that administration of estrogenic compounds, hexestrol 
and diethylstilbestrol dipropionate, partially inhibited the goitrogenic action 
of thiouracil in rats. A two- to four-fold increase in pituitary weight re¬ 
sulted from the administration of one of -these estrogens in conjunction with 
thiouraoil; Chamorro concluded that the estrogens probably acted by diminish¬ 
ing the thyrotrophin output of the pituitary. In view of Chamorro’s work, it 
appears that the inhibitory effect of ovarian tumors on hepatoma formation may 
be a result of Ihe estrogenic hormone produced by these trnors* An increase in 
cn - - ; < ■ "■ . 
lip. r:> ;:<C>o ■- ■fXv : ■ - a 0 r 1 .['.t: 5 f-r j 
-• .' .' t 
— .J ■ ..... . ’ 'fi ■ - it • '• r ') > ' tiO 
t . ' • . ■ ■ • wj t.-{ ■;uvc'j. y--a ttj asju)' bio** 
, . 
o : ' :r . : .* '■ f -,r :r: :t> "> 1 • -• ■' 
- “ r r r .?< • ■ " .•••vc 
■ ' io<;*}•. . ■ T ■ 3 ■’ ■ ' . C. • J ) 
v i . 0.• .• ♦ ‘ a» 5.j rJ .ritiw aai-om vieve 
y.jO‘i'1 'isnrj l ; r::} .. v i"; ••• ... -jcx :•< • • :•! • .•••.•UeL/on.• < .1 kv. H-ji:*! •;«: 
it i : j" i ‘ j .1. 
. x. :: ’ - • • . '. i. 
J ‘ ,. .0 . :.f, • ’ ■ -j.-. O'l (*$') 
■ J ■ > • • . j i .. j 1 '•v < ■ - t ■ 1 .tiJr.f. /.«/£> r:.n a 
- J ' t - vi: : '' 
, ff &a£tufc£tQt> at e serif 1-fc «:x< *h, 'nr ifjrrtti I'tiisi f* or-', rci £:>?»*Iox' 
at. bffljtrt©! ttMiiJrvo to joyiofic'Jjitr.t *. ■ 6 srf.t v oaqqj: 
V.:  . Grl« 4 V- Bfi 1.1 -JI ■ ’it -X B tr1 
59 
thyrotrophic hormone may be responsible for the production of hepatomas in 
thiouracil-fed mice; however, this appears unlikely in the light of Leathern 
and Seeley1 s work (100 a)* They administered 0,5 per cent thiouracil to male 
rats for 20-25 days and obtained an increased liver weight and protein content; 
thyroidectomy did sot cause such changes in the liver, Thiouracil appears to 
act like a trophic hormone of the liver; it may, like other trophic hormones 
(67 a, 68, 69) administered in excess and over a long period of time, finally 
result in a tumor of the target organ. 
Scrotal Hernias* 
The development of scrotal hernias in castrate male mice has never been 
reported. They occurred in four castrate ml® mice in this experiment. Scrotal 
hernias will be discussed in Part III* 
- 
d - ' ■ j--.t •• i v. >. •. ’.rOK'i Oi -cd . i ' ,m •• . . aa *t >il oir.qcitfcr.ydd 
„ { I . *■'■ i : •" Oi 
i. r. f.; •, . . T - 
; ■ 
. •• .; • C • - 
fro * : t 
t f c. r ■ «, , ) 
, 
* i fi 
awed V.’tfl o? c, ;.d ■ d -n . -v-;> . • C- S’ . t© tm Iz-Vttb *K? 
. • ; £;; 
Summary 
On® hundred nim© hybrid mie# (CC^) were castrated and in ©aeh an ovary 
was grafted into the spleen. Eighty-nine of tha mice were examined from 11 
to 29 months after transplantation* 
Three granulosa cell tumors and one luteoma occurred in four male mice, 
and six granulosa cell tumors, five mixed tumors and on© luteoma, in 17 fe¬ 
male mice fed the control diet* 
One granulosa cell tumor, one tubular adenoma, and one papillary oystaden- 
oma occurred in three of 17 female mice fed 0*2 per cent desiccated thyroid 
in the diet} the three male mice did not have ovarian tumors* 
A granulosa cell tumor occurred in on© of four male mice, and six granu¬ 
losa cell tuners and three mixed tumors in nine of 17 female mice maintained 
on a diet of fox chow with meat meal (Purina) to which was added 0.2 per cent 
thio uracil« 
Granulosa cell tumors occurred in three of seven male and two of five 
female mice maintained on 2/3 of the ad 1 ibitun food intake* 
Three granulosa cell tumors, one mixed tumor and one luteoma occurred in 
five male mice, and four granulosa cell tumors and three mixed tumors in 
seven of nine female mice fed ad libitum after 4g to Tjg- months on a diet res¬ 
tricted to 2/3 of the ad libitum food intake* 
One of the mixed tuners in a dietary control female mouse contained a large 
area composed of theca cells* At least one third of the tumors contained theca 
cells, although they were not abundant* 
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The largest ovarian tumors occurred before 450 days; they were asso¬ 
ciated with a lesser estrogenic effect on the uterus and a lethal effect* 
This lethal effect was absent in the i nan it ion-refed group of mice® 
The results of these experiments support the concept that the above- 
mentioned varieties of ovarian tumors originate from germinal epithelial 
ingrowths, and that these ingrowths arise as a result of an increased rate 
of production of gonadotrophic hormones® The kind of tumor resulting in 
each case was probably determined to a large extent by the amount of go¬ 
nadotrophin, tubular adenomas and tumors of Mullerian duct derivatives, being 
associated with only slightly increased amounts of gpnadotrophins, and granu¬ 
losa cell tumors, mixed tumors and luteoiaas with great increased amounts of 
gonadotrophins • 
Adrenal cortical hyperplasia occurred in mice of every experimental 
group; it was most extensive in dietary control and inantion-refed mice. 
Small adrenal cortical carcinomas occurred in both adrenal glands of one 
dietary control female mouse that did not have an ovarian tumor. Thyroid- 
fed, thiouracil-fed and oaloricallv restricted mice showed only small degrees 
of adrenal cortical hyperplasia, of about equal extent in mice of the three 
groups0 
An estrogenic hormone and progesterone were produced in sufficient quan¬ 
tities to cause changes in -the uterus, despite their passage through the liver, 
by mice in all of the experimental groups except the underfed mice; their 
uteri revealed the absence of both hormones. Progesterone was produced only 
by mice which shewed evidence of estrogen production. 
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Estrogenic effects on the uterus were present in mice without ovarian 
tumors in association with adrenal cortical hyperplasia® 
Hepatomas occurred in five of ten thiour&cil-fad mice which did not have 
ovarian tumors but in only one of ten such mice with ovarian tumors. The 
uteri of the omrian tumor-bearing mice revealed marked estrogenic effects, 
which were absent in the mice without ovarian tumors* The mechanism of 
action of thiouracil on the liver of the mouse may be analogous to that of 
gonadotrophins on the ovary; excessive stimulation of the liver by this 
hepatotrophic compound results in tumor formation* Estrogenic hormone may 
have inhibited this tuniori genic action of thiouracil® 
The thyroid glands of the thioracil-fed mice were hypertrophied and 
hyperplastic, and some contained small eystpapillomatous masses* The -thyroid 
glands of the thyroid-fed mice were tiny but showed no histological abnor¬ 
malities® 
Scrotal hernias occurred in four castrate male mice bearing intrasplenic 
ovarian txmors* 
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PART III 
Characteristics of Transplantable 
Granulosa Cell Tumor® 
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Introduction 
The ease of inducing ovarian tumors by grafting ovaries into the spleens 
of castrate rats, mice and rabbits makes this a useful technique for the 
stucty- of some of the problems of tumori gene sis. Doubt has been expressed 
about the neoplastic nature of these hyperplastic ovarian growths (64, 146); 
Furtti and Sobel (64) were only able to transplant, subcutaneously, two luteo- 
matous growths that arose in intrasplenic ovarian grafts in castrate mice 
after several successive intrasplenic transfers; they concluded that the 
early ovarian growth was not neoplastic, but that neoplasia could occur* 
In this laboratory, it has not been necessary to graft the tumor intra- 
splenically; subcutaneous transplants of a small number of granulosa cell 
tumors have grown readily, although the rate of growth was usually slow for 
the first few generations* It was found that the administration of a crude 
progesterone compound (Glidden Co.) enhanced the growth rate of transplants 
of one granulosa cell tumor (28). The microscopic appearance of the tumors 
induced in intrasplenic ovarian grafts is neoplastic, not merely hyperplastic 
(see Part II). The present experiment was designed to determine the porpor- 
tion of ovarian tumors, induced in this manner, that were transplantable, 
and to study the morphology and some of the biological effects of these 
tumors* 
Materials and Methods 
One hundred twenty-one normal intact or castrate hybrid mice (CC^or CCg) 
of both sexes were engrafted with bits of ovarian tumor tissue from 21 of the 
mice discussed in Part II* Portions of two other o’varian tumors with the 
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same origin were obtained from W# U# Gardner and transplanted into six 
mice# Using clean but not aseptic technique, small bits of tumor tissue 
were implanted subcutaneously with a trocar into one or both sides of in¬ 
fantile or young adult mice# Some of the recipients of the grafts were 
castrated at the time of grafting or at varying times -thereafter# Grafts 
were considered to have failed to grow, or ’take*, if there was no sign of 
the graft at from 3 to 14 months after transplantation# The mice were 
weighed every 4 to 7 days and the size of the tumor visually estimated# 
When the transplants readied a size of 2 to 3 cm. or when the host appeared 
about to die, each mouse was killed and the tumor retransplanted. The tumor 
was removed from 7 mice under ether anesthesia, and each mouse allowed to live 
for from 5 to 60 days longer# Elood volume was estimated by jugular exsan- 
guination at autopsy unless this had already been measured by carotid ex- 
sanguination under anesthesia; the latter method was more frequently used# 
Red and white blood cell counts, differential counts or hematocrit determina¬ 
tions were made on less than 20 tumor-bearing and control mice# Botfy, tumor, 
submaxillary gland, heart, liver, spleen, kidneys, adrenal glands, ovaries or 
testes, coagulating gland-seminal vesicles and prostate (as a unit) and pitui¬ 
tary glands were weighed and placed in Bouin*s fixative after killing the 
mice with illuminating gas# The mammary glands were examined grossly; signs 
of edema, ascites or hydrothorax, lung metastasis, lymph node involvement or 
the presence of an interpubie ligament were checked# Vaginal smears were 
taken just prior to autopsy. Methylene blue or gram stains of tumor tissue 
from six animals were examined# The tissues lhat were fixed in Bouin*s fluid 
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were embedded in paraffin, sectioned at 6 microns and stained with hema¬ 
toxylin and triosin or Masson's trichrome® 
Urinary 17-ketosteroid excretion was measured in 35 mice with six of the 
transplanted tumors. Individual mice were placed inside tin cans resting on 
wire gauze, which were placed on funnel® containing glass tear drop® 3 cm* 
in diameter* Food and water were always available. The mice remained in 
these cages for 24 hours* About 30 cc* of water was then used to wash the 
food and feces collected around the glass tear drop free of urinary 17-keto- 
steroids. Determination of 17-k etc steroids was carried out by the method of 
Hum (137). The first step was hydrolysis for seven minutes, boiling, with 
10 volumes per cent HC1* After cooling, the solution was extracted three 
times with about 15 cc. ether U.S.P each timej the ether solution was then 
washed with KOH, followed by two washings with 5 cc. distilled water. After 
evaporating the ether solution to dryness, the dry powder left was dissolved 
in exactly 2 oc. of water and a met&dinitrobenzen© color technique used for 
the colorimetric reading* 
Liver function studies were carried out through the courtesy of Dr. Klat- 
skin’s laboratory. Blood for these tests was obtained by carotid exsanguira¬ 
tion of ether-anesthetized mice; in order to obtain the necessary quantity 
of blood, the blood of two to five mice was pooled for each determination 
except one, for which more than a sufficient quantity, 6 cc. was obtained 
from a single mouse® 
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Results 
A* Characteristics of the tumors t v 
1* Transplantability; 
Tissue from ovarian tumors that arose in intrasplenic ovarian grafts 
in 23 castrate mice was transplanted into 127 mice; growth, or 'takes’1 oc¬ 
curred in 75, representing 8 of the 23 original timers (Table 8)* Transplants 
of tie other 15 tumor® failed to grow, even after as long as 10 months. There 
was no sex difference, and castration did not influence the transplantability 
of these tumors, nor did the subcutaneous administration of crude or crystal¬ 
line progesterone (Table 9), The tumors differed in the strain specificity 
of their transplantability. Tumor POgg exhibited the widest range; it grew 
rapidly in C3H, AC^, AC2, AGg, GC^ and CBA and A strain mice, both intact 
and castrated; it did not grow in infantile or adult C57 or in C, BL or JK 
strains of mice (Table 10), Tumors 60^, 6Cg and 6C^ grew readily only in 
CCj_ (C57^x CBA.^) mice; tumors 6C^ and 6Gg sometimes in CCg (CBA x C57/5) 
mice, although with a smaller proportion of takes (50 and 40 instead of 92 
and 90 per cent, respectively), and tumor 6Cg failed to grow in any of the 
■tiiree CCg mice into which it was grafted (Table 11)* 
2, Characteristics of each tumor? 
a® P038s 
A female mouse of the BL strain was castrated at one month of 
age and an ovary from a litter mate was grafted into the pancreas four months 
later. The mouse received no further treatment and was fed Purina fox chow 
ad libitum* The mouse was killed at 18 months of age; it was in poor general 
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Name of Number of 
Tumor Successful 
Transfer 
Generations 
Table 
Data on Successfully Transplanted Granulosa Cell Tumors 
Carried 
for 
(.months) 
Number 
of 
Takes 
Per cent 
of 
Takes 
Rate 
of 
Growth 
Survival 
Time 
(months) 
8 
Lung 
Metastases 
(Presence 
and per cent) 
Production of 
Estrogen Progesterone Androgen 
Hyper¬ 
volemia 
Range of Values for 
Urinary 17-ketosteroid, 
Anemia (gamma per 100 grams 
per 24 hours) 
PO 38* 12 12 101 92 5+ 1 0 0 0 0 0 
6C1 8 18 43 72 3+ 1.5 +31 0 0 0 +1 + 
6C2 
9 18 50 62 4+ 2 0 + 0 0 * + 66 - 107 
6Cs 7 18 54 54 3+ S +14 + 0 + 0 + 101 - 735 
41T 3 15 32 73 2+ 5 + 0 + + 109 - 616 
61 Th* 1 10 1 - 0 0 + - 236 
64 Th 3 15 12 54 + 5 0 + 0 + + + 86 - 270 
19 INAN 2 15 3 12 + 
- 0 + 0 127 - 148 
27 INAN 3 13 12 57 + 
- 0 + 0 176 - 284 
31 INAN* 1 16 2 - 0 
- 0 + + 0 
No longer growing, or lost. 
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Table 9 
Data on Non-transplantable Granulosa Cell . Tumors 
Nam© of Duration Normal Castrate Given 
Tumor of Graft Progesterone* 
(months) Male Female Male Female Crude Pellet 
2 C 3 4 + 
** 
3 C 2ir 3 3 + 
11 C 3— °2 8 6 5 4 + 
IT C 9 1 2 2 + 
19 C 10 1 2 + 
20 C 8 3 1 + 4- 
22 C 9 2 2 + + 
50 Th 8 2 + 
62 Th 8 1 3 + 
12 INAN 10 1 1 2 
20 IRAN 6 4 
22 IRAN 8 1 2 + 
35 IRAN 6 2 2 
37 INAN 8 5 1 + + 
74 XXV 4 1 2 + 
*Not given to all th© mice in any group. 
**Intrasplenic tumor transplants made into 4 castrates: 3 males. 1 female* 
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Tablo 10 
Strain Variation in Transplantability of Tumor PO 33 
Strain Ember of Takes Percent Takes No Take 
c5h 20 95 1 
ACi (A$x C3E^ 10 100 0 
AC! ^2 g«n®ration 8 75 3 
AC2 (CjH %x a<?) 9 100 0 
AC3 (EL %x A V) 9 90 1 
AC3 F2 generation 8 100 0 
CCX (C57 % x cm^) 17 85 3 
CC^ F2 generation 11 100 0 
CM 8 100 0 
A 1 50 1 
C57 (adult) 0 0 10 
C57 (infantile) 0 0 2 
C 0 0 4 
BL* 0 0 2 
JK 0 0 5 
*BL (CgH without mammary tumor inciter, i.e. 'milk factor'). 
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condition and weighed less than twenty grams* There was a small tumor mass 
one cm* in diameter on the left side, closely attadied to the skin but not 
infiltrating it* There were no adhesions between the pancreas and body 
wall. The ovaries were absents there was bilateral pyonuetra* Fragments 
of the subcutaneous tumor were transplanted into one female and two male 
mice of the C^H strain, 7 months of age; one male was castrated at the time 
of transplantation* The graft grew rapidly in the female, and the second 
transfer was made after 52 days. The tumor appeared in the castrate male 
after three months, and in the normal male after six months j neither tumor 
was transplanted* The tumor transplanted from the female was carried for 
12 transfer generations before it was lost* It grew rapidly in mice of 
several strains* In the third transfer generation there was evidence of 
slight androgenic hormone production, l»e* siminal vesicle weights were 
slightly increased. This could not be demonstrated in subsequent transfers. 
Estrogenic hormones were absent, as determined by vagi ml smears and uterine 
weights; single mammary adenocarcinomas occurred in two female mice with 
transplants of the tumor* The tumor had no effect on blood volume or on 
the gross or microscopic appearance of liver, adrenal glands or spleen® The 
tumor itself showed extensive areas of necrosis* In the early transfers 
this was not as marked and the structure of the tumor was more readily distin¬ 
guishable* The tumor had a macrofollicular appearance, becaning in some areas 
a diffusely growing mass. Mitoses were frequent; the cells were all of the 
granulosa cell type. In later transfers there was a progressive increase in 
the amount of connective tissue separating the large islands of granulosa cell6^ 
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the centers of almost every granulosa cell ’island’ were necrotic (Fig* 21)* 
b® 6C and derivative tumors: 
This tumor arose in an intrasplenie ovarian graft in a castrate 
hybrid male mouse (CC^). It was castrated and an ovary transplanted into 
■the spleen 2^-months later. There was no other treatment; the diet was 
Pi rim fox chow with meat meal. The mouse was killed 16 months later, 492 
days after intraspleni© transplantation. There was a large ovarian tumor 
in the spleen and several sum 11 and large metastatic nodules in the liver 
and in several lobes of both lungs. The seminal vesicles and the prostate 
were castrate in type. There was no sinusoidal dilatation of the adrenal or 
liver. The tumor itself, and the metastages, were composed of profusely 
growing masses of granulosa cells. Mitotic figures were frequent and the 
cells and nuclei differed considerably in size and shape, A microfollicular 
pattern appeared rarely; there were luteinized areas in the tumor (Fig* 22). 
Fragments of the tumor were transplanted subcutaneously into four 
female and two male mice of CC^ hybrid stock; of these two females and one male 
were castrated* The grafts were visible in the two castrate mice within 
3-g- weeks, in an intact female at 6 weeks and in the ether castrate female at 
10 weeks from the time of transplantation* The tumors from 3 of these 4 
mice were transplanted to more CC^ mice; each, tumor retained its distinctive 
characteristics; the 3 tumors have been designated SC®, 6C? and 6C,. • Tumor 
6C^ remained, in every subcutaneous transfer, a typical granulosa cell tuoor 
of diffuse or follicular type, with abundant mitotic figures and scanty cyto¬ 
plasm* There was less necrosis than was present in every transplanted tumor 
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P03g (Figs, 23 and 24), Tumor 6C resembled tumor 6C , but the cells contained 
more cytoplasm and the connective tissue stroma was more abundant, although 
finely dispersed, in tuaor 6C£* The degree of neorosis was less than might 
have been expected in such large tumors. Lutein cells were absent in tumors 
6C^ and Tuaor 6Cj had either a me.crofollicular type of organization or 
the luteinized type shown in Fig. 25# Tuaor 6C^ caused hypervolemia, pro¬ 
duced no estrogenic or androgenic hormones, and metastasized to the lungs 
with, great frequency, Tuaor 6Cg grew to enormous sizes, produced no hyper¬ 
volemia or androgens but produced a strong estrogenic effect; it did not 
metastasize, Tuaor 6Cj produced estrogens but no androgens or hypervolemia; 
it metastasized frequently; xaice with this tumor usually died in an emaciated 
state. The adrenal glands sometimes showed the sinusoidal dilatation that is 
usually associated with hypervolemia (Fig. 32). 
c# 41 T: 
A female mouse of CC^ stock was castrated at 50 days of age and 
one of its ovaries grafted in the spleen; 489 days later the mouse was killed 
while still in good health; it weighed 33 grams. During this entire period 
the mouse had received 0.2 per cent dessicated thyroid powder (Armour) in 
the diet. There was a median sized ovarian tumor in the spleen of this mouse; 
it measured 13 x 8 x 7 mm. The adrenal glands, uterus, kidneys, and liver 
were large. The tuaor was composed of sheets of granulosa cells with many 
mitotic figures; a microfollicular pattern ocourred in some portions of the 
tumor; there were numerous large and small cysts, some filled with blood 
(Figs, 1 and 5). Tissue from the tumor was transplanted subcutaneously into 
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three female and two male mice of CC^ hybrid stock; all were castrated ex¬ 
cept one female. The graft became visible in one castrate female mouse after 
six weeks; the mouse was killed ten months after the transplant was made and 
a 2 gm. tunor removed. This was transplanted into mice of the same hybrid 
stock; the incidence of takes and the rate of growth of the tumor were much 
higher in the second and third transfer generation than in the first* 
Growth took place in non-castrate mice; lung metastases occurred in two cas¬ 
trate mice* The tumor caused hypervolemia, produced estrogenic and probably 
an androgenic hormone and an occasional mouse with this tumor died in an 
emaciated state resembling that characteristic of mice with tumor 6C,.. Two 
of three castrate female mice with tumor 41 T weighed 15 and 17 grams at the 
time of death; the third had a subcutaneous pellet of progesterone and died 
with a hypervolemia, weighing 38*8 grams* 
d* 61 Ih: 
A 56-day old female mouse of CC^ stock was castrated and one of 
the ovaries placed into the spleen; 487 days later the mouse was killed. 
Until a week before death, the mouse was maintained on a diet of fox ohow 
with meat meal to which 0.2 per cent thiouracil was added. At autopsy, the 
mouse weighed 26 grams and the thyroid weighed 24.6 mgm0 The uterus weighed 
222 mgm; the pubes were rigid, the ovaries absent. The other organs were of 
normal size. A 20 x 10 x 10 mm. tumor protruded from the spleen; a vein 
passed from the tumor to join the uterine vein. Grossly, the tumor appea red 
hemorrhagic and cystic, with large yellowish solid portions that were quite 
fibrous. Microscopically, this was a mixed tumor; granulosa cell elements 
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wore present in small groups; luteinization was widespread among the granu¬ 
losa cells* There was much connective tissue, stromal edema and in some of 
the degenerating or fibrous areas, bone formation had occurred* The tumor 
was transplanted into two female and two male, 4Q-day old mice of the same 
stock (CC ). They were all castrated on the same day transplantation was 
1 
performed. The tumor grew in only one mouse of this first transfer generation, 
and not at all in the second transfer, 
e. 64 Ths 
A 57-day old female mouse of CC^ stock was castrated and one of 
the ovaries was grafted into the spleen. The mouse was maintained on Purina 
fox chow with meat-meal containing 0*2 per cent thiouracil until it was 
killed 487 days later. At autopsy, the body weight was 2fe grams, thyroid 
weight 44 mgm. The uterus weighed 101 mgm; the other organs were noimal in 
size. A yellowish tumor mass 18 x 11 x 10 mm. in size protruded from the 
spleen; bits of tissue from this tumor were transplanted subcutaneously into 
five castrate males and one castrate female. Growth occurred in only two 
castrate males; a 1 gram tumor was present in one after three months and a 
4.8 gram tumor in the other after nine months* Second and third transfers, 
derived from the more slowly growing timer in the first transfer, have been 
successful in a greater proportion of mice, and the rate of growth has in¬ 
creased. Microscopically, the original tumor and its transplants maintained 
a constant pattern as a granulosa cell tumor with moderate amounts of necrosis 
and hyaline degeneration. The granulosa cells were arranged in microfollicles 
with only a few microcysts (Fig. 26). In the original timer mass and in one 
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transplant there were many luteinized cells, many with cartwheel nuclei* 
The tumor caused hypervolemia and produced estrogenic and androgenic hor¬ 
mones. No metastases were seen* 
f. 19 INANi 
A 62-day old female mouse of CC^ stock was castrated while preg¬ 
nant and one ovary was grafted into the spleen. She was maintained on Z/5 
of the ad libitum food intake for 204 days and then fed ad libitum. After 
186 days of ad libitum feeding, the mouse was killed despite good health. 
The ovaries were absent and the uterus weighed 136 mgmi the other organs 
were of normal size, A cystic tumor mass 20 x 20 x 16 ran. in size protruded 
from the spleen; the solid portion of this tumor measired 14 x 10 x 8 mm* 
Microscopically, this granulosa cell tumor contained diffusely growing sheets 
of cells alternating with portions of more microfollicular pattern; luteinized 
areas were common (Fig* 27). The tumor was transplanted into five castrate 
and two intact mice of CC^ stock. Growth occurred in one castrate male and in 
one other mouse; after six months the castrate male was autopsied; the tumor 
weighed 1.3 grams. Microscopically, the tumor consisted of a granulosa cell 
tumor of microfollicular type, with some luteinization (Fig. 28). The semi¬ 
nal vesicles and prostate were of castrate type. The mammary glands were 
well developed, there was a 2 mm. interpuibic ligament and bilateral scrotal 
hernias. Growth in the eight mice comprising the second transfer generation 
occurred in only one mouse, and at an extremely slow rate; after eight months 
the tumor was still less than 5 mm. in diameter* 
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g. 27 INAN: 
A female mouse of CC1 stock was castrated and one ovary grafted 
into the spleen at approximately two months of age. The mouse was fed 2/5 
of the ad libitum food intake for the next 197 days and was then killed des¬ 
pite good health. Body weight was 34.5 grams. The organ weights were normal 
except the uterus, which weighed 119 mgm; the ovaries were absent. A 7.7 gram 
tumor mass 24 x 24 x 17 mm. in size protruded from the spleen. It was cystic; 
the cysts contained blood. Microscopically, this granulosa cell tumor con¬ 
sisted of sheets of rapidly proliferating cells; in some areas a micro- and 
macrofollicular structure existed and contained many large and small cysts; 
many of the cells were luteinized (Fig. 29). The tumor was transplanted into 
four n&le mice of CC^ stock, one month old. Growth occurred in only one, from 
which a second transfer generation was readily derived. The growth rate was 
more rapid in the second transfer generation. The subcutaneous transfers of 
tumor 27 I KAN showed extensive luteinization, and in some areas, a thecoma- 
tous type of growth (Fig. 30). Estrogenic and androgenic effects were present. 
An intact male mouse of the second transfer generation had well developed 
mammary glands, rigid pubes and a left-sided scrotal hernia. Hypervolemia and 
metastases were not observed. 
. h. 51 INANt 
A male mouse of the CC^ stock was castrated at approximately two 
months of age and an ovary from a litter-mate was grafted into the spleen. The 
mouse was fed a diet restricted to 2/3 of the ad libitum food intake for 196 
days; for the next 124 days it was fed ad libitum and then killed despite good 
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health* The mouse weighed 29 grams* Organ weights were normal and the 
seminal vesicles and prostate weighed 6 mgm. A 20 x 12 x 6 mm. tumor mass 
protruded from the spleen. Microscopically, this granulosa cell tunor had 
an extremely thick capsule covering one side? there was much edema and other 
signs of degeneration in areas within the tumor. Stromal deficiency nuclei 
were common throughout the tumor, and in seme areas all the nuclei were of 
this type (Fig. 31). The tumor was transplanted into two male and four 
female mice of CC^ stock; four of these were castrated. The tumor grew 
slowly in one castrate male and one castrate female, reaching weights of 
0.6 and 0.1 grams respectively in 6^- months. Growth did not occur in the 
second transfer generation. Both of the small tumors in the first transfer 
generation consisted mainly of luteinized cells. Mitoses were not seen. 
The castrate female showed both estrogenic and progesterone effects*. There 
was no androgenic effect. 
3. Tumor weights: 
There were consistent differences in the size attained by the sub¬ 
cutaneous granulosa cell tumor transplants by the time death, occurred or was 
imminent (Table 29). Tumor 6C? transplants had the largest average weights; 
these were 15.3 grams in castrate males, 8.4 in intact males, 15.8 in cas¬ 
trate females and 11.0 grams in intact females. Tumor 6Cg also attained the 
largest maximum weights; these were 27.5 grains in a castrate male, 15.6 in an 
intact male, 28,4 in a castrate female and 23.5 grams in an intact female. 
Tunors 6C^ and 41 T had about equal weights at autopsy; their average weight* 
ranged from 2.5 to 4.7 grams; no tumor of either type weighed more than 10.0 
grams • 
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Table 29 
Group 
6CX 
6C2 
6C3 
41 T 
64 Th 
27 IMU 
31 INAN 
Relation of Sex to Average and Maximum Weights 
of Subcutaneous Granulosa Cell Tumor Transplants in Mice 
Males Females 
Castrate Intact Castrate Intact 
Wt. (grams) Wt. (grams) Wt. (grams) rams) 
No. iLV. Max. N© • Av. Max. No. Av. Max. No. AV# Max.'' 
12 4.4 10.0 6 3.4 6,1 6 3,7 4.7 12 4.4 5.9 
6 15.3 27.5 5 8.4 15.6 12 15,8 28.4 10 11.0 23.5 
2 2.7 3.9 12 5.0 11.6 6 3.7 10.0 11 3.7 12.2 
3 4.7 6,9 2 3.0 3.7 4 3.5 9.2 2 2.5 3.8 
2 2,9 4.8 1 13,2 
1 9.0 
1 0,6 1 0.1 
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Tuaor weights were usually greater in castrate than in intact mice 
of either sex* The average tumor weights for males were 4.4 (castrate) and 
3*4 grams (intact) for 6C^; 15*3 (castrate) and 8*4 grams (intact) for 603; 
4*7 (castrate)and 3*0 grams (intact) for 41 T. ^he corresponding weights in 
fannies were 3,7 (castrate) and 4*4 grams (intact) for 6C^j 15*8 (castrate) 
and 11.0 grams (intact) for 603; and 3*5 (castrate) and 2.5 grams (intact) 
for 41 T. Tumor weights in mice with two stains of granulosa cell tumor 
were greater in intact than in castrate mice; tiaese tuaor weights in male 
mice were 2*7 (castrate) and 5*0 (intact) for 6Cg, and 2*7 (castrate) and 
13,2 grams (intact) for 64 Th. In every case the maximum weights showed 
the same sex difference as the average values* 
B. Changes occurring in the host: 
1* Hormone production: 
a. Estrogen: 
Estrogenic effects on the vagina and uterus were present in in¬ 
tact and castrate female mice with grafts of tumors 60^, 663, 41 T, 61 Th, 
64 Th, 19, 27 and 31 INAN. In the castrate females an estrogenic effect was 
indicated by an increased uterine weight and size of lunen, height of epithe- 
liua and the presence of stromal edema; in one castrate and three intact fe¬ 
males with tumor 6Cg and in one castrate and two intact females with tumor 
41 T, pyometra were present, as a result of the increased estrogen level. The 
average uterine weights of seme of the groups are shown in Table 12. This 
gives a roughly quantitative estimate of* the amount of estrogenic substance 
being produced: tuaor 6Cg was associated with the greatest uterine weights of 
- 
.JV $0 U V £«C .* • •'! i :>■ VII : i.f t •. . :, ,ja ‘iCj.J -* 
. i;.. 
. 
»! I 5 * 
t ; *4 V. 
* «• _ . ) * . ■ : ■ 
• '■ : ' ■ < • O . • • ,. r - • \ • >y 
* t » ' , 
- 
1 ■ :r-. -c - ■ j!0 
: . TI 
’ 
t i c_ t . 
• 48JC AriT id 
~ : 
1 '■ «•'•••• 54 .( ■ 1 ; 6 ( i<. xa.-H ixil 
* • i ’ • t ••• ( f h 
' ^ * ' ' ’ ■ *' - * ’I ' '<A’‘ -■ 
kit. virxo^cnj* jiU-co-r. t» Hi • <: ^ U ■ *• '.t n "v:- v i ,r;.< -r e. 
■id j i>< Ot’i 0 TEJ y f»;f 
Table 12 
Average Uterine Weights of Mice with Subcutaneous Ovarian 
Tumor Transplants 
Group Intact Females Castrate Females 
No. Weight(mgm) No. Weight (mgm] 
Control® 1 135*4 6 15.7 
6C1 11 75.6 7 22.3 
6C2 
9 143.3 11 107.5 
6C3 
11 110.5 6 66.5 
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castrate mice, following by tumor 6C3; tumor 6C-^ produced no estrogenic 
hormone* In non-castrate mice with tumor 6Cp the uterine weights of non- 
castrate mice with tumor 6C2 or 6C3 were about equal to the weights of the 
non-castrate controls, and greater than the corresponding weights of cas¬ 
trate mice. The pubic symphysis was replaced by a ligament in one of seven 
castrate females with tumor 60^, six of twelve castrate females with tumor 
6Cg, and in two of ten castrate females with tumor 6C3 (Table 13). One in¬ 
tact male mouse with tumor 6C3 and an intact male with tumor 6C^ had 2,0 mm* 
interpubic ligaments* The one interpubic ligament occurring with tumor 6C^ 
was 3.5 am* long} the uterus of this castrate mouse weighed only 28 mgms* 
It is apparent from Table 13 that the development of the interpubic ligament 
was roughly proportional to the quantity of estrogenic hormone present in 
the circulation, with the exception of the one mouse with well developed 
ligament but tiny uterus* 
The vaginal epithelium did not show signs of estrogenic stimula¬ 
tion in mice with a uterine weight of 62 milligrams or less; the vaginas of 
all mice with uterine weights greater than 62 milligrams showed moderate or 
marked estrogenic stimulation, with cornified cells the main cell type 
(Table 14). 
b. Progesterone; 
The uterine stromal nuclei revealed the presence of progesterone 
in the one castrate female in which tumor 31 INAN was successfully transplanted. 
No other tumor showed any signs of progesterone production (Table 8), 
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Table 14 
Relation of Uterine Weight to Vaginal 
Cytology in Mice with Ovarian Tumor Transplants 
Mouse Number Uterine Weight (mgm) Vaginal 
115 800 Nc 
147 425 Cnl 
123 388 N 
49 200 CNL 
126 176 CNL 
293 150 CNL 
151 134 Nc 
160 13 2 N 
135 104 cl 
137 103 LCn 
229 100 Nlc 
140 92 LNc 
276 82 CLm 
158 73 cnl 
95 62 L 
288 55 L 
228 47 Lm 
128 46 m 
226 45 
66 42 Lm 
260 34 m 
227 30 cln 
250 16 
K * nucleated cells; C = cornified cells; L- leukocytes; m = mucus; 
small letters refer to very small number of cells. 
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c. Androgens: 
The production of androgenic hormones was judged by hie weights of 
the gonads and the accessory sexual organs and the histological appearance 
of the serous tubules in the submaxillary gland, the epithelium forming the 
parietal layer of Bowman's Capsule in the kidney glomerulus, and the epi¬ 
thelium of the seminal vesicles and prostate. The combined weight of the 
seminal vesicles, prostate and coagulating gland of castrate control mice 
averaged 12.5 mgm; the average weights in castrate tumor-bearing mice were: 
21.5 mgm. for 6C^j 25,7 mgm. for 6Cgj 46.3 mgn. for 41 T and 41.4 for 64 Th 
(Table 15). Histological evidence of an androgenic effect on the seminal 
vesicles was present only in mice bearing tumors 41 T or 64 Th. The combined 
weight of these organs in intact males exceeded their weight in castrate 
males with every transplanted tumor except 64 Th; the average cczabined weight 
of -these organis in mice with tumor 64 Th was 29.2 mgm. in intact males, and 
24.4 mgm, in castrate males. The weights of these organs in all tumor-bearing 
intact males were far below the weights of the controls. 
The kidney weights were diminished in three groups of mice, but 
not in mice with tumors 41 T, 64 Th or 27 INAN (Table 16). The average kid¬ 
ney weights of the control mice were 370 mgm. for castrate males, 460 mgm, 
for intact males, 308 mgm. for castrate females and 417 mgm. for intact fe¬ 
males. The kidney weights in mice with tumors 6C^ and 6C? were less than the 
control weights; mice with tumors 6C have the smallest kidney weights: 282 mgm 
3 
for intact males, 245 mgm. for castrate females and 300 mgm. for intact females 
The average kidney weights in mice with tumor 41 T were 444 mgm. in castrate 
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Table 15 
Average Combined Weights of Seminal Vesicles, Prostate and 
Coagulating Gland of Intact and Castrate Mai© Mice 
with Subcutaneous Trnor Transplants 
Group 
MALES 
Intact Castrate 
No. W eight (mgm) No. Weight(mgm) 
Controls 7 255 6 12.5 
601 5 83 10 21.5 
60 2 4 81 8 25o7 
6CS 11 33 
41 T 2 46 3 36.3 
64 Th 1 29.2 1 41.4 
27 INAN 1 33.4 
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Table 16 
Relation of Sex to Average Kidney Weights 
in Mice with Subcutaneous Timor Transplants 
Group MALES FEMALES 
Castrate Intact Castrate Intact 
No. Weight(mgm) No7 IN eight (mgm) No. freight (mgm) No. TNeight(mgm) 
Controls 12 370 7 460 6 308 10 417 
*1 
© 325 5 420 4 347 10 423 
6C2 
1 302 5 305 10 324 9 340 
6cs 11 282 5 245 10 300 
41 T Z 444 2 418 2 470 2 512 
64 Th 2 581 1 486 
27 INAN 2 513 
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males, 418 mgm. in intact males, 470 mgax. in castrate females and 512 mgm. 
in intact f males; the corresponding weights in mice with tumor 64 Th were 
581 mgm. in castrate and 486 mgm. in intact males. Two intact male mice 
with tunor 27 INAN had an average kidney weight of 513 mgm. In mice with tu¬ 
mors 41 T and 64 Th the kidney weights of castrate males were greater than the 
weights in intact males, which were not significantly increased above the 
corresponding weights of the controls. The two intact male mice with tumor 
27 INA.N bad kidney weights greater than the control mice. Histological evi¬ 
dence of androgen production was obtained for mice with tumors 41 T and 64 Th. 
The subnaxillary gland weights (Table 17) showed the same general 
pattern as did the kidneys and accessory genital organs; the weights were 
diminished in all the mice with tumors 6C^, ^2* ^3 an<* ^ cas"^ra^e an<* 
tact male mice and intact female mice with tumor 41 T. Castrate female mice 
with tuaaor 41 T and castrate male mice with tumor 64 Th had submaxillary gland 
weights greater than Ihe controls and greater than the weights of the intact 
tumor-bearing mice. 
The weights of both ovaries and testes were greatly diminished in 
all the groups of tumor-bearing mice (Table 18). The average weight of the 
ovaries of 9 control mice was 13.0 mgm; for mice with tumors 6C., 6C9 and 6C 
the average ovarian weights were 5*6, 5.1, 4.1 mgm. Control testicular weight 
averaged 184.8 mgm. For mice with tumors the average weights in mgms. were 
123.3 for 6Ci; 123.7 for 60^ 84.7 for 6C3; 39.4 for 41 T; 42.2 for 64 Th; 
and 64.6 for 27 IM 
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Table 17 
Relation of Sex to Average Sufcmaxillaiy Gland 
Weight in Mice with Subcutaneous Tumor Transplants 
MALES FEMALES 
vxroup 
Castrate Intact Castrate Intact 
No* Weigh t(mgm) No* Weight(mgm) No, Weight(mgm) No* Weight(mgm) 
Controls IE 141 7 205 6 120 9 151 
6^ 7 66 4 106 4 69 6 77 
6C2 
3 87 3 70 10 75 5 79 
6C3 
9 83 4 46 7 81 
41 T 1 93 1 124 1 126 1 80 
64 Th 1 168 1 111 
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Table 18 
Average Weights of Ovaries and Testes 
in Mice with Subcutaneous Tumor Transplants 
Ovaries Testes 
Group 
No* Weight(mgm) No* Weight (mgm) 
Controls 9 13*0 7 184.8 
601 11 5*6 3 123*3 
6C2 9 5.1 5 123.7 
6C3 12 4<»1 10 84.7 
41 T 2 39*4 
64 Th 1 42.2 
27 I NAN 1 64*6 
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Histologically, the ovaries wera small, with a dense stroma and 
few large follicles or corpora lutea. Most of the stromal cells did not have 
the deficiency type nucleus characteristic of the ovaries of mice subjected 
for a long time to large amounts of estrogenic hormone# 
2, Changes in the blood and circulatory system: 
a* Blood volunet 
A marked increase in blood volume occurred in mice with trans¬ 
plants of tumor 6C^ and 41 T. The greater increase occurred in conjunction 
with tumor 6C^; in mice with this tumor growing subcutaneously, blood volumes 
averaged 4. 5 to 4*7 cc. except in castrate females, which had an average blood 
volume of 3,6 cc (Table 19). Six mice with this tumor had blood volumes of 
4.5 to 8,0 cc., averaging 6.5 cc. Mice with tumor 6Cg had slightly increased 
absolute blood volumes, averaging 2,1 cc. and never exceeding 3,0 cc. When 
calculated in terms of body weight, the blood volume per 100 gms, of tissue 
was elevated in only the one mouse from which 3,0 cc, of blood was obtained. 
Hypervolemia did not occur in mice with tumor 6Cg. 
The blood voltsnes were determined on mice with a tumor 6C^ weigh¬ 
ing from 3,4 to 6.1 grams. Within this range greater tumor size was usually 
associated with greater blood volume, Elood volume determinations were made 
on mice with tumor 6Cg transplants ranging from 3,7 to 27,5 grams in weight; 
no significant relation existed between tumor size and blood volume, although 
the smaller tumors were associated with slightly greater volumes, 
b. Blood elements; 
Very few blood studies were performed (Table 20). They indicated* 
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Table 20 
Changes in the Mood of Mie© 
with Subcutaneous Timor Transplants 
Group 
Blood 
No* Volraie 
(ce) 
No* 
Hemato¬ 
crit 
(%) 
No* 
Hemo¬ 
globin 
(gms) 
No* 
Total 
Whit© Blood 
Cell Count 
Lymph©- 
No* ©yte© 
 (%) 
Controls 1.3 4 8500 
6C1 
o
 
.
 
C
O
 1 20 3 4.0 3 4400 
6CE 1 1*8 1 21 2 4*0 2 5000 l 76 
6C3 
2 1*4 1 36 1 9.6 1 5300 3 67 
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although statistically insignificant, the occurrence of an anemia of almost 
equal degree in mice with tumors 6C^ said 6Cg; hematocrits of 20 and 21 per 
cent, 4 grams per cent of hemoglobin and red blood cell counts of 4.3 and 4*1 
million per cubic millimeter, respectively, for mice of these two groups. One 
mouse with tumor 6C3 had a hematocrit of 35 per cent, with 9.5 grams of hemo¬ 
globin and 8,5 million erythrocytes per cubic millimeter* This mouse was ema¬ 
ciated and probably dehydrated; it would probably have been just as anemic 
as mice bearing transplants of tumors 6C^ or 6Cg if it were not for this de¬ 
hydration, In all three groups of tumor-bearing mice the white blood cell 
count was diminished to between 4400 and 5300 cells per cubic millimeter; the 
control value was 8500 cells per cubic millimeter, 
c. Heart? 
The heart weight of mice with tumor 6C^ was consistently greater 
f 
than normal; the weight was greater in females than in males, and greater in 
intact than in castrate mice (Table 21). When mice with tumor 6C^ were 
grouped according to blood volume of greater or less than 4.5 cc., a signi¬ 
ficant relationship became apparent; mice in the group with the lesser blood 
volume, averaged 2.8 cc. of blood and an average heart weight of 185,3 milli¬ 
grams; the other group had an average Hood volume of 605 cc. and an average 
heart weight of 154.8 mgm. (Table 22). 
Increased heart weight was present also in some of the mice with 
transplants of tumors 41 T and 64 Th; these mice had a hypervolemia. Mice with 
tumor 6C3, irrespective of sex, and castrate females with tumor 41 T, had a 
diminished heart weight (Table 21), 
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Table 21 
Halation of Sex to Average Heart Weight 
of Mice with Subcutaneous Tumors 
MALES FEMALES 
Castrate Intact Castrate Intact 
Group iieart WtT Heart Wt« Heart Wt. " Heart Wt. 
No, (mgm) No. (mgm) No. (wO No. (mgm) 
Controls 12 115.0 7 144.6 6 102.3 10 127.1 
60i 6 137.7 3 153.3 3 162.2 9. 176.2 
6C2 3 135*8 2 117.3 10 134. 5 7 132.6 
6Cs 10 102.8 3 114*3 8 96.4 
41 T 1 204 2 157 3 125 3 196 
64 Th 1 176 1 228 
27 I HAN 2 150 
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Table 22 
Relation of Blood Volume to Average Organ 
Weights in Mice with Subcutaneous Tumor 6C^ Transplants 
Weight of: Blood Volume 
< 4,5 cc. 
Blood Volume 
4.5 cc. 
Body (gm) 30.4 33.5 
Tumor (gm) 4.0 4.5 
Sutmax. gl.(mgm) 76 63 
Heart (mgm) 185 155 
Liver (gm) 2.6 2. 8 
Spleen (mgm) 357 333 
Adrenal gl. (mgm) 12.7 22.4 
Kidneys (mgm) 443 327 
Average 2.8 Average 6.5 cc* 
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d. Liver? 
The average weight of the liver of control mice was 1.5 grams* 
The weight increased to 2*6, 2.0 and 2.2 grams, respectively, in mice with 
transplants of tumors 6C^, 41 T and 64 Th; a smaller increase to 1.8 grams 
was present in mice with tumor 6Gg. A diminution in liver weight to 1*0 
grams occurred in association with tumor 6C,y(Table 23). There was a slight 
positive correlation between blood velum© and liver weight in mice with 
tumor SC^j mice with a blood volume of less than 4*5 cc. had an average liver 
weight of 2.6 grains, while mice with a blood volume of 4*5 cc. or more had 
an average liver weight of 2*8 grams (Table 22). 
Histologically, the livers of mice with tumor 6C^ show marked 
dilatation of the liver sinusoids without any sign of demage to the parenchy¬ 
mal cells (Fig. 33). Tumor 6G was associated with slight liver sinusoidal 
w 
dilatation with blood; this was rare in mice with tumor 6Cg® The livers of 
one mouse with, tumor 41 T and three mice with tumor 64 Th were studied histo¬ 
logically; in non© was there any sinusoidal dilatation. No other livers 
were examined histologically. 
The following liver function tests were performed on controls and 
mice with tumors 6C^ and 6C,»: direct and total serum bilirubin, cephalin 
flocculation and thymol turbidity and flocculation. Blood for these tests 
was obtained by carotid exeanguimtion from mice anesthetized with ether. 
There was a small increase in direct and total bilirubin values for mice with 
both tumors, and asLight decrease in thymol turbidity. The cephalin floccula¬ 
tion was 4+ at 24 hours in all groups (Table 24). 
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Table 23 
Relation of Sex to Average Liver Weight 
in Mice with Subcutaneous Timor Transplant© 
MALES FEMALES 
Castrate Intact Castrate Intact 
Group No. Weight(gm) No. Weighty gm) No. Weight(gm) No. Weighty gm, 
Controls 12 1.4 6 1.7 6 1.3 10 1.7 
6C1 11 2.4 5 2.3 6 2.7 12 2.8 
6C2 
7 1.6 5 1.5 12 1.9 9 2.0 
6C3 
11 1.1 6 0.8 12 1.1 
41 T 2 2.5 2 2.0 
0 
3 1.7 2 2.0 
64 Th 2 2.1 1 2.4 
27 INAN 2 1.8 
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Table 24 
Liver Function Studies on Mice 
with Subcutaneous Tumor Transplants* 
Serim 
bilirubin(mgia^) Ceph. Floec. Thymol 
Group No. Direct "total 24 hours Turbidity Flocc, 
Controls, Male 4 .05 .17 4+ 1.6 0 
” Female 3 .09 .35 4+ 1.2 0 
6C^ Mixed** 2 .06 .33 4+ 0.8 0 
60^ Female 3 .12 .58 4+ 0.5 0 
6Cg Mixed 2 .09 .40 4+ 0.7 0 
^Determined by the use of pooled blood samples or the blood of individual 
hypervolemic mice* 
**Blood sample pooled from mice of both sexes. 
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e. Adrenal glands; 
The adrenal glands of mice with subcutaneous transplants of tu¬ 
mors 6_CjOr 41 T were characteristically greatly enlarged, red, and hemorrhagic 
instead of the pale orange color of normal adrenals. Mice with tumor 64 Th 
showed the same adrenal changes, although to a lesser extent; bCg-bearing mice 
showed still smaller, but similar changes. Tumors 6C3 and 27 I NAN were not 
associated with these changes. The weights of the adrenal glands paralleled 
the hemorrhagio change just described. In mice with tumor 41 T, the weights 
averaged 22,2 mgm. for castrate males, 28,9 mgm. for intact males, 13,8 mgm, 
for castrate females, and 13,2 mgm. for intact females. Associated with tu¬ 
mor 6C^ the weights, in the same order averaged 17,6, 18.8, 11,1, and 19,2 
mgn. For tumor 6C,, "the corresponding averages were 6,8, 806, 12,8, and 7,7 
mgm; adrenal weights of the control mice averaged 7,1, 4.7, 6.3, and 6.8 mgm. 
(Table 25), The adrenal gland weights of 6C^ tumor-bearing mice were pro¬ 
portional to the blood volune. In Table 22 are presented the average adre¬ 
nal weights of mice with blood volumes of less than 4.5 cc (average, 2,8 cc) 
and 4,5 cc. or more (average, 6.5 cc); they were 11 and 22 mgm., respectively. 
Urinary 17-keotsteroid excretion rates were determined in over 
30 mice with tumors 663, 6C3, 41 T, 64 Th, 19 INAN and 27 INAN (Tables 8 and 
26). The average excretion of the two female controls was 310 micrograms per 
100 grams body weight per 24 hours. One castrate male and one castrate fe¬ 
male mouse bearing transplants of tumor 6C^ excreted 700 and 735 micrograms per 
100 grams per day; nine intact male and five intact female mice with this turner 
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Table 25 
Relation of Sex to Average Adrenal Weight 
in Mice with Subcutaneous Tumor Transplants 
MALES FEMALES 
Group Castrate Intact Castrate Intact 
No. Weight(mgm) No. Weight(mgm) No. Weight(,mgm) No. , Weight(mgm) 
Controls 12 7.1 7 4.7 6 6.3 10 6.8 
60x 11 17.S 5 18.8 6 11.1 12 19.2 
60e 
8 6.8 5 8.6 12 12.8 10 7.7 
to
 
o
 
to
 12 7.8 6 8.1 12 7.4 
41 T 3 22.2 2 28.9 3 13.8 3 13.2 
64 Th 2 14.5 1 11.6 
27 INAN 2 8.3 
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Table 26 
Relation of Sex to Average Daily Urinary 
17-ketosteroid Excretion in Mice -with Subcutaneous Tuaor Transplants 
(Expressed as micrograms per 100 grams of mouse per 24 hours) 
Males Females 
Group No, Castrate No. Intact No. Castrate No« Intact 
Controls 2 310 
6C! 2 86 
6CS 1 700 9 221 1 735 5 323 
41 T 2 313 3 483 2 394 2 238 
64 Th 1 270 1 86 1 165 
27 I NAN 2 230 
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had average values of 221 and 323 micrograms, respectively* Elevated excre« 
tion rates were present in some mice wiiii tumor 41 T. The amounts averaged 
313 micrograms for two castrate male mice, 483 micrograms for three intact 
males, 394 micrograms for two castrate females and 238 micrograms for two 
intact females* Two determinations on intact male mice with subcutaneous 
transplants of tumor 6Cg showed 66 and 107 micrograms per 100 grams per 24 
hours* For mice with tumor 64 Th, values of 270 (castrate male), 86 (cas¬ 
trate female) and 165 micrograms were obtained* Determinations on two mice 
with tumor 19 IHAN and one mouse with tumor 64 Th revealed an average value 
of 138 micrograms for the two and 236 micrograms for the latter (Table 26). 
f* Spleen; 
The average weight of the spleen was greater in mice with grow¬ 
ing subcutaneous transplants of all tumors studied, with the exception of 
tumor 6C3 (Table 27). 
3. Body Weights; 
An increased average body weight occurred only in castrate and in¬ 
tact female mice with tumor 6C][j however, the maximum body weights of all 
groups with this tumor exceeded the corresponding values for the control 
mice (Table 28). The average body weights of the control mice were 27.8 
grams for castrate males, 30.3 (intact males), 24.0 (castrate females), and 
28.1 (intact females). The corresponding weights for mice with, tumor 6C^ 
were 27.7, 31*3, 31.3 and 30.2 grams. The average and maximum body weights 
in mice with tumor 6Cg exceeded the weights of all other groups except 64 Th 
tumor-bearing mice; values for the former were 32.0, 26.0, 36.2 and 34.1 grams 
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Table 27 
Relation of Sex to Average Weight of Spleen 
in Mice with Subcutaneous Tunor Transplants 
MALES FEMALES 
Group Castrate Intact Castrate Intact 
*
 i
 
©
1
 
N
l
 
Weight(mgm) No. Weight(mgm) No. Weight(mgm) No. Weight(mgmj 
Controls 12 156 7 131 6 135 10 181 
6ci 
11 279 5 290 5 299 12 346 
6C2 6 242 5 200 12 289 8 343 
6°3 
12 154 4 146 12 153 
41 T 2 294 2 308 2 335 2 550 
64 Th 2 292 1 395 
27 IRAN 2 330 
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Table 28 
Group 
Controls 
601 
6C2 
6C3 
41 T 
64 Th 
27 I NAN 
Relation of Sex to Average and Maximum Body 
Weights of Mice with Subcutaneous Tumor Transplants 
MALES 
Castrate Intact 
No. 
Wt.(grams) 
Av. Max. No. 
7ft. (grams) 
Av. Max. 
12 27.3 30.7 7 30.3 32.6 
12 27.7 32.0 6 31.3 44.1 
8 32.0 50.2 5 26.0 37.9 
12 23.2 39.5 
3 28.0 31.1 2 26.6 31.8 
2 37.2 43.2 1 43.3 
2 35.4 35.6 
FEMALES 
Castrate Intact 
Wt.( grams) 
No. Av. Max. 
Wt.({ 
No. Av. 
grams, 
Max. 
6 24.0 28.2 10 28.1 33.5 
7 31.3 37.5 12 30.2 38.6 
12 36.2 52.0 10 34.1 52.8 
6 20.3 30.7 12 22.7 39.4 
3 24.1 38.8 3 29.8 32.1 
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for castrate and intact males, castrate and intact females, in that order* 
For tunor 64 Th, the body weight of two castrate males averaged 37.2 grams 
and that of one intact male, 43.3 grams. The body weights of mice with 
tumor 41 T were very close to the control weights (Table 28). 
The average and maximum body weights of intact male mice with tumor 
6Cg, 26.0 and 37.9 grams, respectively, were considerably lower than the cor¬ 
responding figures for castrate male (32.0 and 50.2 gm), castrate female 
(36.2 and 52.0 grams), and intact female mice with subcutaneous transplants 
of this tumor (34.1 and 52.8 grems). 
Timor 6Cg was associated with a diminution in body weight; the average 
weights were, for intact males 23.2 grams; castrate females 20.3 grams; and 
intact females, 22*7 grams. The same condition was seen in two of the three 
castrate females with tumor 41 T; their body weights were 15.9 and 17.7 grams. 
Furthermore, one of the two 'intact male mice bearing this tumor that have been 
studied had a body weight of 21.3 grams. Gram and methylene blue stains of 
material from tumor 6Cj did not reveal the presence of micro-organisms that 
could have been responsible for the emaciation and death. 
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Discussion 
Six of 23 granulosa coll tumors that occurred in intrasplenic ovarian 
grafts in castrate mice were readily transplantable; two more grew only in 
the first transfer generation. One of the six readily transplantable tu¬ 
mors gave rise to three distinct granulosa cell tumors. Lung metastases 
occurred in three different lines of transplanted tumors, with an incidence 
of from 14 to 30 per cent. The neoplastic nature of granulosa cell tumors 
induced in intrasplenic ovarian grafts in castrate mice has now been estab¬ 
lished. 
These results differ from those reported by Furth and Sobel (64); 
they were able to transplant two granulosa cell tumors subcutaneously only 
after successive transfers into the spleens of castrate mice. The same 
progressive development of increasing nalignancy or autonomy has been des¬ 
cribed in studies of mammary tumors (58) and testicular tumors (68) in mice. 
In the present experiment, there was no relation between the duration of the 
intrasplenic transplant or -the size of the resultant tumor and its trans- 
plantability. Furthermore, tissue from tumor 3C did not grow when it was 
grafted into the spleen of four castrate mice. 
Only one tumor of those tested thus far (PO^g, 6C^, 6Cg and 6Cg), grew 
in strains of mice other than the strain in which it originated; tumor P0,Q 
o 8 
grew in C3Ha CBA and A strains, hybrids of these strains and hybrids resulting 
from crosses between A and BL strains (AC3) and CM and C57 strains (CC^); it 
did not grow in C57, BL, C or JK strains of mice. This wide range of trans- 
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plantability was correlated with a higher degree of undiff erentiation; 
P0,o produced no sex hormones and did not induce a hypervolemias its growth 
o o 
rate was extremely rapid, although metastases were never seen* leidman (181) 
noted a positive correlation between the incidence of lung metastases and 
the dir at ion of transplants of fibrosarcoma T241 in C57 black mice. The 
short survival time of mice with transplants of tumor FO^g may have been 
the main cause of the lack of metastases; a 31 per cent incidence of lung 
metastases occurred in mice with tumor 6Ci, but the survival time of mice 
with lung tumors was almost three months* 
Tumors 6C^ ^nd 6Cj grew readily only in 90 per cent of CC^ mice and 
40 to 50 per cent of mice of the reciprocal cross, CCg* Timor 6C£ grew in 
84 per cent of CC^ mice but in none of three CCg mice. Tumor 6C2 was, in 
some ways, the most highly differentiated tumor; it did not metastasize and 
it produced the largest amounts of estrogenic hormone, although not neces¬ 
sarily the most per unit weight of tumor. The growth rate of timor 6Cg was 
second only to that of timor POgg, which, also did not metastasize. It 
must be concluded that growth rate, the ability to metastasize, and the 
genetic range of transplantability may be unrelated occurrences in granu¬ 
losa cell tumors* 
The growth rate of most of the tumors studied in this experiment was 
quite low in the first transfer generation, an observation noted by other 
investigators who have worked with granulosa cell tumors (28, 64) but no 
complete explanation has been found* Strong, et al (156) were able to in¬ 
fluence the growth rate of a transplantable, estrogen-secreting ovarian 
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carcinoma in mice by the administration of estrogenic hormone or gonado¬ 
trophic hormones; 25 i.u. of folliculin benzoate daily resulted in a marked 
diminution of the growth rate of the tumor in both sexes, with complete re¬ 
gression of the tumor in females* This hormone was without effect in cas¬ 
trate males and females, however* Daily injections of 2*5 r»u* of pregnant 
mare serum gonadotrophin (P,M«S) enhanced the growth rate of the tumor in fe¬ 
male mice, and in one, a lung metastasis occurred. The enhanced growth rate 
was not maintained in subsequent transfers of the tumor in mice not given 
P*M*S* and the treatment had no effect on the tumor growth rate in males# 
Hooker (87) noted changes in transplanted interstitial cell tumors of the 
testis in mice in response to large doses of P«M.S; the more differentiated 
cell type and slower growth rate persisted in a subsequent transfer* In 
this laboratory, a granulosa cell tumor occurred in an intrasplenic ovarian 
graft in a castrate mouse; it grew extremely slowly in subcutaneous trans¬ 
plants in mice of the same strain. The administration of a crude proges¬ 
terone compound resulted in a greatly enhanced tumor growth rate (28). 
This rapid growth has persisted in subsequent transfers without the adminis¬ 
tration of progesterone (j. T. Wolstenholme - personal communication). In 
the present experiment the same crude progesterone compound and crystalline 
progesterone were without effect on the transplantability or growth rates 
of subcutaneous granulosa cell tumor transplants* 
Although no hormones were administered to mice in this experiment, cer¬ 
tain sex differences were apparent. In general, tumors attained greater weights 
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in castrate than in intact mice of either sex, and in tumor 6C , the inci- 
dence of lung metastases was more than twice as great in castrated as in 
intact mice (20 and 30 per cent for castrate males and females, in that 
order, 9 per cent for intact mice of each sex). The incidence of lung, met¬ 
astases in mice with tumor 6C^ transplanted subcutaneously did not show the 
same relationship to the presence of the gonads, but seamed to be related 
more to the production of estrogenic hormones 42 per cent (8 of 19 mice) 
of the intact females with this tumor had lung metastases, and only 14 per 
cent of castrate females, 29 per cent of intact males and 31 per cent of 
castrate males. The average duration of the tumor transplant in each of these 
groups was as follows: 60 days for intact fennles, 90 days for castrate 
males, 100 days for intact males and 120 days for castrate females. The high¬ 
er incidence of lung metastases in intact females is, therefore, much more 
significant than the numerical value would indicate, for the lung metastases 
also occurred earlier in the intact females. The reasons for such differ¬ 
ences in incidence are not clear* Tumor 60^ did not produce any estrogenic 
hormones, while tumor 6C5 produced moderate amounts. Castrate mice with 
tumor 6Cg produced moderate amounts. Castrate mice with tumor 60^ had higher 
urinary 17-ketosteroid excretion values than intact mice. The hormonal 
environments in castrate and intact mice with tumor transplants, therefore, 
are quite different; the mechanism by which this altered hormonal status, 
or endocrine imbalance, may affect transplantability and metastasizability 
remain unknown. 
The different tumors studied in this experiment grew at different rates. 
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Table 31 
Relation of Sex and Duration of Transplant to the 
Incidence of Lung Metastases in Mice with Subcutaneous Tumor Transplants 
Males Females 
Castrate Intact Castrate Intact 
S.T* 
Group Ho» Percent (days) 
S*T# S»T<» S*T* 
No# Percent (days) No> Percent (days) No» Percent (days) 
6C1 
6C3 
41 T 
4 31 120** 2 29 
1 20 110 2 9 
1 25 130 0 0 
100 
100 
1 14 120 
3 30 100 
1 33 300 
8 42 60 
2 9 90 
0 0 
*S«T. = survival time, or duration of tumor transplant* 
**Skewed by one value of 230 daysj average of the other three was 90 days* 
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each fairly constant for each tumor, and attained different maximum tumor 
sizes -which were also relatively constant for each tumor* The reason for 
-these varying growth rates and maximum weights may be the same as that 
responsible for -the slow and progressively increasing growth rate that oc¬ 
curred during the first transfer generation. Comparative studies of tumors 
from the early transfer generations with those of later generations might 
lead to an explanation of this variation. Bali and Furth (8) have described 
the progressive loss of hypervolemic effect by a granulosa cell tumor. In 
the present experiment rapid growth of the tuner in two mice of the first 
transfer generation of tumor 6C resulted in tumors 6Cj> and 60^; neither had 
a hypervolemic action. The tumor transplant in one mouse of the first 
transfer generation of tumor 6C grew slowly, giving rise to tumor 6C^, which 
had a marked hypervolemic action. The first transfer of tumor 41 T grew ex¬ 
tremely slowly, requiring ten months to attain a size and physiological ef¬ 
fects sufficient to endanger the life of the animal in which it was growing* 
tuaor 41 T had a marked hypervolemic effect. The undiminished persistence 
of the hypervolemio effects of both these tumors, despite the present much 
more rapid growth rate is evidence that the production of hypervolemia does 
not require a slow tumor growth ratej it may, however, require if not cause 
a slow tumor growth rate in the first transfer generation. 
Increased body weight in tumor-bearing mice was due to the tumor mass 
itself or to the resultant hypervolemia. The average total weight per animal 
minus tumor weight values (Table 30) were lowest in mice with tumors 6Cj? and 
6Cg. This may have been fortuitous, but it may also reflect a continuing 
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Table 30 
Relation of Sex to Average Total Weights of Mice 
■with Subcutaneous Tumor Transplants Minus the Average Tumor Weights 
Males Females 
Castrate Intact Castrate Intact 
Group No, Wt,(gm) No. Wt.(gm) No. Wt.(gm) No. Wt.(gi 
6°i 6 23.3 6 27.9 6 27.6 12 25.8 
6C2 2 16.7 5 17.6 12 20.4 10 23.1 
6C3 12 18.2 6 16.6 11 19.0 
41 T 3 23.3 2 23.6 4 20.6 2 27.3 
64 Th 2 34.3 1 30.1 
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similarity of these two tianors which were indistinguishable in the first 
transfer generation and in some of the mice of the second transfer generation. 
Body weights and tumor weights of mice with tumor 64 Th were much larger 
than corresponding weights with other tumors. This tumor has been studied 
in so few mice, however, that no conclusions can be reached. 
The first report of estrogenic hormone production by a subcutaneous 
ovarian tunor transplant appeared in 1S37 (157). A sufficient amount of es¬ 
trogen was produced to cause vaginal cornification, manmary growth, and ut¬ 
erine weight increase in the mice, but not enough to cause resorption of bone 
with the formation of an interpubic ligament in intact male mice, as described 
by Gardner (65). Rigid pubes were present on most of the male mice with 
transplants of tumors POgg, 6C^, 6Cg and 60^* Three intact males with tumor 
6Cg had short interpubic ligaments. One castrate male with tumor 64 Th had 
a 206 mm. interpubic ligament. 
The occurrence of scrotal hernias in intact male mice given estrogenic 
hormones for long periods of time was first described by Burrows(18). Gard¬ 
ner (66) studied the production of such hernias in more detail and concluded 
ihat their occurrence depended upon the maintenance of testes of nearly 
normal size and the formation of an interpubic ligament (caused by prolonged 
estrogen administration), resulting in an alteration of muscle attachments 
and an increased diameter of the inguinal rings. Four scrotal hernias occurred 
in castrate male mice with intrasplenie ovarian grafts (see Part II)j Gardner 
(personal communication) has since seen scrotal hernias in castrate male mice. 
A scrotal hernia occurred in an intact male mouse with a rigid pubic symphysis; 
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the mouse was of the second transfer generation of tumor 27 I EMU It must, 
therefore, be concluded that the presence of an infcerpubic ligament and 
the presence of testes are not essential for the occurrence of scrotal her¬ 
nias in mice, but that they appear to enhance their development. Tumor 
27 I NAN produced an androgenic hormone. It may be that the testes are so 
nearly essential only because of their androgen production* 
Estrogenic effects on vagina, uterus and mammary gland (gross observa¬ 
tion) occurred in mice with every tumor successfully transplanted except 
POjg and 6C^, Histological examination of the tumors did not reveal any 
correlation between tumor morphology and estrogen production. Estrogenic 
effects were most marked in tumors 41 T, 64 Th and 6C , Quantitative esti- 
w 
mates of estrogen production by tumor cells could not be amde from the known 
effects on end organs of the mice bearing these tumors, because there were 
large necrotic areas of indeterminable size, in tumors of different sizes. 
Nor is it certain that all granulosa cell tumors produce ihe seme estrogenic 
hormone. Another obstacle to quantitative study is the influence of uncon¬ 
trolled factors such as thyroid function (170) and adrenal cortical function 
on the responsiveness of the target organs to estrogenic stimulation (157a), 
And finally, the duration of the transplant, and therefore of estrogenic sti¬ 
mulation, influences the response of the target organs. 
An 0*1 gram tumor mass, 31 INAN, resulted in progestational changes in 
the stromal nuclei of the utenss of the one castrate mouse in which it grew* 
The tumor was present for 5-3/4 months; it was extremely yellow and fibrous, 
grossly; microscopically, it consisted mainly of lutein cells. No oiher 
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transplanted tumor produced progesterone. This becomes more significant 
in view of the frequent occurrence of progestational changes in the uterine 
stromal nuclei of castrate mice in which intrasplenic ovarian tumors oc¬ 
curred (see Part II), despite the ability of the liver to inactivate proges¬ 
terone (117). It seems likely that luteinization of the tumor made possible 
the production of progesterone and rendered the tumor incapable of continued 
cellular proliferation and growth. Despit© the occurrence of luteinized 
areas in many of the original intrasplenic tumors that were transplanted, 
luteinized cells were rare or absent in some of the transplanted tumors. It 
may be that the slow growth rate so common in the first transfer of granulosa 
cell tumors was a result of luteinization of many of the tumor cells, leaving 
only a few, or in sane cases, no, granulosa cells to proliferate. Estab¬ 
lishing a rapid growth rate may have depended on the presence of proliferat¬ 
ing cells that did not respond to the physiological levels of luteinizing 
hormone normally present in the blood. If this were so, it should be possible 
by administering LH in sufficiently high dosage, to cause luteinization and 
regression of the tumor* 
Four of ihe transplantable granulosa cell tumors probably produced an 
androgenic hormone: these were tumors 6Cg, 41 T, 64 Th and 27 INA.N® Histol¬ 
ogic evidence was available for only two of these tumors: 41 T and 64 Th. 
The amount of androgenic hormone produced was small in every case, whereas 
the tumor masses were quite large, compared to the size of -the normal testis. 
Therefore, the amount of androgen produced per cell was quite small or else 
only a small proportion of the tumor cells produced any androgenic hormone; 
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"the second possibility appears more likely* The fact that the submaxillary 
glands, kidneys or seminal vesicles, prostate and coagulating gland (as a 
unit) were larger in castrate than in intact male mice bearing tumors 41 T 
or 64 Th may have been the result of continued responsiveness of the tumor 
tissue to the increased gonadotrophic hormone production that occurs after 
castration* 
The decreased ovarian weight, with histological evidence of diminished 
gonadotrophic stimulation found in mice with transplanted granulosa cell 
tumors is in agreement with previous work on mice and rats with spontaneous 
tumors which were not estrogen-producing (2, 114, 133), Allen, et al (2) 
showed that pituitary implants given early enough caused the atrophic 
ovaries in such cases to return to normal size and histological appearance; 
they concluded that the pituitary gland was secreting diminished amounts of 
no gonadotrophic hormones in tumor-bearing animals* The mechanism of this 
inhibition is not known, although it has been repeatedly shown that starvation 
resulted in the same effects on the ovary (38, 79) and these could be corrected 
by pituitary extract (38)* 
Hypervolemia without edema, ascites or hydrothorax was characteristic 
of mice with subcutaneous transplants of tumors 6C^, 41 T and 64 Th* Asso¬ 
ciated with this increased blood volume was sinusoidal dilatation of the liver 
and adrenal, and hypertrophy of the heart; in the mice with greatest blood 
volumes, however, heart weight was diminished, ■‘•he studies of ^urth. Boon, 
and Sobel (61, 63, 152) have shown that there is an increased plasma volume 
without significantly altered total mass of red blood cells, and without 
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it 
any increase in the extracellular - extravascular fluid volume. From a small 
number of deteimi nations of serum proteins they concluded that there was an 
increased production of serum proteins they concluded that there was an 
increased production of serum albumin, and that this might be responsible 
for the increased blood volume. They reported (152) having found Schorr 
and Zweifach’s "VDM factor (148) in the livers of mice with hypervolemia- 
inducing granulosa cell tumors; they suggested that the YJM factor caused 
a vasodilatation and thereby a lowered capillary pressure, which led to an 
increased blood volume# The sequence of events is similar to that which 
follows severe hemorrhage inhuman beings (42) and dogs (21a, 45, 130); 
immediately following the hemorrhage and continuing for one to two hours 
■there is a rapid and equal fall in hematocrit, albumin and globulin concentra¬ 
tions. For the next 5 to 7 hours the hematocrit continues to fall but the 
albumin concentration remains constant and then begins to return toward 
normal; the globulin concentration declines for a longer period of time than 
the serum albumin and recovers independently of "the albumin fraction. The 
seme course of events occurs when the red cell count is maintained by plasma¬ 
pheresis (45). The absence of any significant degree of hypervolemia des¬ 
pite the severe anemia in mice with transplants of tumor 6C2 is additional 
evidence that anoxemia is probably not responsible for the hemodilution# 
Elman, et al (45) have suggested a persistent fall in capillary pressure as 
the cause, in accordance with the Starling hypothesis. The concept of a com¬ 
pensatory increase in the rate of serum albumin formation following hemodilu¬ 
tion has received additional support from studies on the blood following 
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intravenous administration of saline (21). 
A direct test of the possibility of maintaining an increased plasma 
volume without a concomitant increase in extracellular-extravascular fluid 
volume would be to administer albumin intravenously. This has been performed 
in two ways: as single injections (111) and as repeated or prolonged treat¬ 
ment (5). The former type of treatment resulted in a transient rise in blood 
volume with rapid diffusion of the albumin throughout the entire extracellular 
fluid space, and not just the intravascular compartment. Armstrong (5) re¬ 
viewed the' clinical 1 it e rat lire on the use of repeated intravenous adminis¬ 
tration of albumin, with studies on the effective serum osmotic pressure. 
He found that in patients with cirrhosis the formation of ascites ceased 
when Idle effective serum osmotic pressure reached a certain critical value. 
Despite loss of serum albumin from the plasma, the effective serum osmotic 
pressure is apparently increased by the administration of albumin. McKee, 
et al (115) studied in more detail the passage of plasma proteins out of 
the plasma into ascitic fluid of dogs with constricted inferior venae cavae. 
They found that the addition of sodium chloride to the diet resulted in lower 
plasma protein concentrations and increased production of ascitic fluid, 
which contained most of the protein lost from the plasma. They suggested that 
the slight dilatation of liver sinusoids that occurred in these sodium-treated 
dogs might be responsible for the increased production of ascitic fluid. An 
apparently different type of liver sinusoidal dilatation, or congestion, 
occurs in the healing stages of hepatitis in human beings (112). Eker and 
Efskind (44) described sinusoidal dilatation in the livers of rats and rabbits 
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treated with 20 mgm. thyroxin daily} there was a diminution in red blood 
cells, capillary edema and increased capillary permeability to the vital 
dye, trypan blue# Clark and Lind earn (27) found a decreased blood volume in 
patients with toxic goiterj the main diminution occurred in the red blood 
cell fraction. The patients had all lost weight. It is possible that mild 
hyperthyroidism, which results in weight gain, might cause an increase in 
blood volume* Sinusoidal dilatation of the liver may be involved in the 
process of albumin synthesis and release by the liver; however, it is dif¬ 
ficult to reconcile this idea with the associated occurrence of sinusoidal 
dilatation in the adrenal gland, and similar changes in the spleen and other 
organs in mice with granulosa cell tumor e0 
The role of the adrenal glands in the changes in blood volume just dis¬ 
cussed is not clear. It does not seem plausible to compare the sinusoidal 
dilatation occurring in the adrenal glands of granulosa cell tumor-bearing 
mice with the hemorrhages that occur in these organs after a severe hemor¬ 
rhage or other stress (130, 144). HLoor, et al (16) noted an increased adrenal 
size but decreased steroid constant in tumor-bearing mice. Krafft (97) 
noted a low normal 17-ketosteroid excretion in a 40-year old woman with a 
granulosa cell tumor. It appeared, from the urinary 17-keto steroid excre¬ 
tion studies carried out in this experiment, that mice with transplants of 
several of the granulosa cell tumors were in a state of adrenal insufficiency. 
This was most marked in mice with tumor 6C^, which had a pronounced hyper¬ 
volemic action. Mice with hypervolemia did not die of adrenal insufficiency, 
however. Mice with transplants of tumor 6CX and some of the mice with tumor 
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41 T died in what may have been a state of adrenal insufficiency; they 
were emaciated and anorexic, these progressing until death supervened* 
These two tumors, 6C and 41 T, appeared more malignant in castrate mice, 
having a higher incidence of lung metastases in the castrate state* The 
urinary 17-ketosteroid excretion was also higher in castrate mice with 
tumor 6Cg, but not with tumor 41 Tj in both, the excretion rate was above 
normal* The number of determinations was too small to warrant placing much 
emphasis on these 17-ketosteroid values* The significant fact was the great 
range of values for the excretion of 17-ketosteroidsj there was no correla¬ 
tion between the condition of the mouse and its 17-ketosteroid excretion 
rate; the lowest and highest values occurred in mice that were moribund* 
It must be concluded that the cause of emaciation and death could not have 
been an excessive production of adrenal cortical hormones, although tie 
"clinical picture" of these mice resembles the group of changes that occur 
in the alarm reaction (144) and after the repeated administration of corti¬ 
sone (3)* These mice may actually have had an adrenal insufficiency# If 
so, the production of estrogenic hormones by the tumor (6C and 41 T) would 
have had an added toxic effect (70)* It is certain, from the limited degree 
of the estrogenic effects in these mice, that the toxicity of estrogenic sub¬ 
stances per se (23, 162) was not the factor responsible for the changes that 
occurred in these mice* A qualitatively different hormone could be involved* 
Hypervolemia can occur in mice with estrogenic hormones also being produced 
(29, 152), as in many of the mice with transplants of tumor 41 T* Some addi¬ 
tional factor must therefore be involved. Tumor 41 T grew in three castrate 
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female mica; two of these died in the emaciated state so characteristic 
of mice with tumor 6Cg, with bocty- weights of 15*9 and 17®7 grams. The -third 
castrate female received a progesterone pellet subcutaneous ly; she died 
weighing 38*8 grams, with a well-developed hypervolemia. Very little sig¬ 
nificance can be ascribed to this occurrence, since hypervolemia occurred 
in many of the mice with this tumor, although in no other castrate female# 
Summary and Conclusions 
Eight of 23 granulosa cell tumors that arose in intrasplenic ovarian 
grafts in castrate mice were successfully transplanted subcutaneously into 
intact and castrate male and female mice of the same hybrid stock (CC^)o 
One tumor, POg0, which arose in a mouse of the Bl strain, grew readily 
in mice of the C3H, CM and A strains and A % x C3H</*, C3H'4»x A ELf’X A S* 
and C57^-x CBAd* hybrid stocks. It did not grow in mice of th a C57, C, EL, 
or JK strains. 
Transfers of tuaors 6C^ and 6Cg grew best in mice of the CC^ stock, but 
also grew in a smaller percentage of mice of the reciprocal cross (CCg)* Tu¬ 
mor 6Cg grew only in mice of the CC^ stock. There may be a maternal factor 
influencing the transplantability of these tumors® 
One of the successfully transplanted tumors, 6C, gave rise to three types 
of tumors which differed in their morphology and hormone-production; (1) Tu¬ 
mor 6C^ was a diffuse and follicular type of granulosa cell tumor. It caused 
hypervolemia and associated sinusoidal dilatation of the liver and adrenal 
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glands and cardiac hypertrophy, but it produced no estrogens, androgens or 
progesterone. Mice bearing this tumor had a low urinary excretion of 17- 
ketosteroids. (2) Tumor 6C was a more highly differentiated granulosa cell 
tumor than tumor 6C^; the cells contained more cytoplasm and stroma was much 
more abundant. The growth of this timer was quite rapid and the size at¬ 
tained was relatively enormous. The tumor produced only estrogenic hormone, 
and caused minimal or no hypervolemia. (3) Tumor 6C3 was composed of lutein¬ 
ized granulosa cells growing diffusely or in a follicular pattern. %ere was 
no hypervolemia although sinusoidal dilatation of the adrenal glands some¬ 
times occurred. It appeared that this tumor was associated with some other 
effect that prevented the hypervolemia that might otherwise have occurred 
from becoming manifest. The cause was probably the same that was respon¬ 
sible for the extreme emaciation and probable dehydration of the mice bear¬ 
ing this tumor. Adrenal insufficiency could have caused this. The -urinary 
excretion of 17-ketosteroids by mice bearing transplants of tumor 6C varied 
3 
from one-third of the normal value to more than double the normal value, and 
was not correlated with the degree of emaciation of each mouse. Histological 
examination of the accessory genital organs did not establish with certainty 
the presence of androgen production. Androgen production could account for 
the great variability in 17-ketosteroid excretion and would indicate a greater 
degree of adrenal cortical insufficiency. Tunor 6C^ produced an estrogenic 
hormone. 
Another transplantable tumor, 41 T, resembled tumor 6C3J it produced an 
estrogen and probably an androgen, and some of the mice bearing transplants 
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of this tumor died in an emaciated state. More had a hypervolemia. Both 
tumors 41 T and 60^ metastasized to the lungs, but less frequently than tunor 
6C1* 
Tumor 64 Th grew slowly but has been transplanted successfully for 
three transfers. It produces hypervolemia and estrogenic and androgenic 
hormone s• 
Timor 27 I NAN died not show a hypervolemic action, but produced estro¬ 
genic and androgenic hormones* 
The other three granulosa cell tumors that -mere successfully transplanted 
did not grow in the second transfer generation, although a subcutaneous graft 
of one of these tumors, 19 INAN, was palpable after six months. 
One of these three tumors, 31 I MW, gave rise to a tumor in the first 
transfer that produced progesterone. No other tumor studied has produced 
progesterone. 
In general, tumors attained greater weights in castrated than in intact 
mice of either sex. The incidence of lung metastases was more than twice as 
high in castrated as in intact mice bearing sub cutaneous transplants of tu¬ 
mor 6Cj. The growth rate of some granulosa cell tumors thus was influenced 
by the rate of production of gonadotrophins. 
The incidence of lung metastases in mice bearing subcutaneous grafts of 
tumor 6C^ was 42 per cent in intact female mice 60 days after transplantation 
but only 14 per cent in castrated female mice in an average time of 120 days 
after transplantation. Timor 6C^ did not produce an estrogenic hormone. Cas¬ 
trated or intact female mice bearing this tumor have not been given estrogenic 
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hormones to determine whether this would increase the incidence of lung 
metastases© 
Scrotal hernias occurred in four castrated male mice (see Part II). A 
scrotal hernia also occurred in an intact male mouse with a rigid pubic 
symphysis. The presence of testes and of an interpubic ligament are not 
essential for the development of scrotal hernias* 
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Figure 1 
Figure 2 
Figure 3 
Figure 4, 
Granulosa cell tumor (41 T); oil immersion view showing 
granulosa cells with indistinct cell boundaries, vesicular 
nuclei and single large nucleoli, X24G4* 
Non-tumorous ovarian graft (23C) showing large amounts of 
chromatin arranged in clunps at the nuclear membrane of 
cells which are scattered freely throughout the graft or 
are arranged in clunps* X2464, 
Granulosa cell tumor (41 T) of follicular type; not© the 
presence of cortwheel nuclei similar to those in the pre¬ 
vious figure* X21150 
Granulosa cell tumor (6Gj first transfer generation) 
of follicular type, showing the relationship of blood 
sinusoids to the tumor cells, which form a basal layer 
adjacent to the sinusoids* X254* 
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Figure 5, 
Figure 6, 
Figure 7, 
Figure 8, 
Granulosa cell tumor (41 T) 0f diffuse type showing 
many large cystic cavities* X254* 
Granulosa cell tumor (11 C) of microfollicular typej 
degenerative changes, including bone formation, are 
marked* X218, 
Mixed granulosa-theca cell tumor (20 C). The theca 
cells stain more lightly. X254* 
Luteoma containing tubular adenomatous areas. Note the 
abundant foamy cytoplasm and the sharply defined cell 
boundaries* X508o 
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Figure 9* Luteoma, with adjacent epithelial cells undergoing 
transformation into macrophages. X436, 
Figure 10. Mixed tumor, showing granulosa and lutein cell portions. 
The granulosa cell portion contains 2 small cysts. X254. 
Figure 11. Liver metastasis of granulosa cell tuaor (6C); note the 
abundant, mitotic figures and the absence of any inva¬ 
siveness of the tumor. X508. 
Figure 12. Papilhry cytadenoma showing the tall columnar, ciliated 
and vacuolatea epithelium with nuclei just beneath the free 
surface, and stroma composed mainly of fibroblastic elements. 
X254* 
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Figure 13* Papillary cystadenoma showing more of the luteinized, 
stromal cell present in this tumor* X254* 
Figure 14* Non-tumorous ovarian graft di owing the origin of macro¬ 
phages from epithelial cells of the wall of a cyst* 
Note the cytoplasmic granules, X21X5, 
Figure 15. Non-tumorous ovarian graft showing extensive tubular in¬ 
growth and the presence of large ceroid-filled cells in 
the ovarian stroma. Macrophages can be seen within the 
cysts and tubules* X254. 
Figure 16* Adrenal cortical hyperplasia; early stage showing the 
proliferation of smell subcapsular cells with scanty 
cytoplasm. X254* 
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Figure 17, Adrenal cortical hyperplasia of moderate degree, 
showing nests of large cells with abundant cytoplasm 
within the proliferated masses of subcapsular cells, 
many of which are fibroblastic in type, as seen here. 
Note also the cellular infiltration between cortex and 
medulla, X254, 
Figure 18, Adrenal cortical carcinoma. The loss of the noraal 
cellular organization is apparent here, -^he cortex 
is markedly hypertrophic as well as neoplastic. Note 
the cystpapilloma with macrophages present in the cyst, 
X254, 
Figure 19, Uterus of a tumor-bearirag mouse showing the presence 
of an estrogen and progesterone, X254, 
Figure 20, Hepatoma from a thiouracil-fed mouse. The large calls 
of the hepatoma have crowded the small fat-fillod liver 
cells to one side, X254» 
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Figure 21. Tumor POgg (ninth transfer generation). This macro¬ 
follicular type of tumor is composed mostly of necrotic 
tissue. There is a narrow rim of viable granulosa cells 
next to each blood sinusoid. X508. 
Figure 220 Tumor 6C showing a microfollicular pattern, with degener¬ 
ative areas. X254. 
Figure 23. Tumor 60^ (fourth transfer generation). Follicular type 
of growth with numerous mitotic figures. X508. 
Figure 24. Tumor 6C][ (fourth transfer generation). Diffuse type. 
X254. 
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Figure 25. Tumor 6C? (fourth transfer generation). Lutein cell tumor 
with abuMant cytoplasm a nd sharply defined cell boundaries* 
X508. 
Figure 26* Tumor 64 Th (first transfer generation). Granulosa cells 
with, abundant cytoplasm. X508. 
Figure 27* Tumor 19 I NAN - original tumor showing follicular and tu¬ 
bular types of growth, with surrounding lufceinisation. 
X254. 
Figure 28* Tumor IS I MAN (first transfer generation). Diffuse and 
microfollicular types* There is some luteirization of the 
granulosa cells* X254» 
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Figure 29. Tumor 27 I NAN - original tumor. Microfoilieular type, 
■with far-advanoed luteinizaticn in seme areas. X254. 
Figure SO* Tumor 27 INAN (first transfer generation). Granulosa 
cell tumor of diffuse type, with a large thecoma-like 
portion; both portions showed some luteinization. X508. 
Figure 31. Tumor 31 INAN - original tumor, showing a thick fibrous 
capsule, a diffuse type of granulosa cell timer with 
luteinized areas. X254. 
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Figure 3 2, • Adrenal gland from a mouse bearing a subcutaneous graft of 
Tumor 6C?. This illustrates a moderate degree of sinusoidal 
dilatation located at the junction of cortex and medulla, 
X254. 
Figure 33, Liver frcm a mouse hearing a subcutaneous transfer of 
granulosa cell tunor (6G_), showing an early stage of 
sinusoidal dilatation, x254® 
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